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Today, thanks to a complete ground support system con- 
ceived, designed and engineered by Goodyear Aircraft 
Corporation, missile squadrons have more “hustle” — 
require but a fraction of the “muscle” previously expended 
to transport, set up and go into action. 


e The number of vehicles required has been drastically 
reduced. 


e Only one engine type — already in world-wide Air Force 
inventory — is employed. It provides the power needs for 
vehicles as well as electronics and maintenance equipment. 


e Now only one type prime mover of “universal design” 
is required. It can execute any movement required within 
the squadron, carry any one of the specially Goodyear- 
engineered “packs” of ground-handling equipment, and 
haul the launchers which were also built by Goodyear 
Aircraft. 


e Each pack can be “telescoped” for clearance. As a result, 
trucks and entire system are air-transportable — easily 
moved to strategic areas in a hurry. 
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e Once there, the squadron can traverse terrain heretofore 
impassable — even through swampy areas, change location 
in a matter of hours — thanks to the huge, low-pressure 
“Go-Anywhere” Terra-Tire developed by Goodyear. 


This astonishing mobility, adaptability and practical logis- 
tics owes its success to a new design concept—engineered 
and executed to the smallest detail by Goodyear Aircraft. 


Theyre doing big things at \ i 
GOODSYEAR 
AIRCRAFT 


Plants in Akron, Ohio, and Litchfield Park, Arizona 
Rewarding Challenges and Careers for Engineers 
Terra-Tire —-T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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NEW CONTINUOUS 
HIGHLY SELECTIVE, 


Light, Simple System 
Overcomes False Alarming 


ASHLAND, MASS. — Tubes, 
transistors, relays, and moving parts 
will give no trouble in Fenwal’s new 
Continuous Over-Heat and Fire 
Detector, because the Detector uses 
none of these. The bugs are not only 
out of it —- they never were in it. 

This radical improvement in con- 
tinuous detection is a small, flexible, 
seamless tube filled with an inorganic 
compound, with a nickel wire at its 
center, and a control unit that re- 
ceives and amplifies electrical changes 
anywhere in the tube. Excessive heat 
anywhere along the tube lowers the 
resistance of the tube, and promptly 
triggers an alarm. 


The Detector can be called a radi- 
cal improvement for a number of 
reasons, but the basic reason is this: 
the salt filler used by Fenwal gives such 
startlingly sharp drops in resistance 
with rising temperatures that the length 
of the loop hardly matters. The tem- 
perature responses of a_one-foot 
length and a twenty-foot length of the 
Detector tube are actually within 
10° F of each other! 


In short — the bugbear of almost 
all previous continuous fire detectors, 
so-called averaging, has been licked. 
With that bugbear licked, look at all 
the things Fenwal’s new system can 
mean to aircraft safety! 


CONTROL UNIT 


Contains no components subject to wear or breakdown. Not bothered 


by shock and vibration. Not position sensitive. Hermetically-sealed. Weighs only 9 ozs. 


No longer do alarm systems have 
to be set to trigger at dangerously 
high temperatures in order to mini- 
mize false alarming. Set to give the 
alarm at realistically low tempera- 
tures, the Fenwal system will not 
false alarm, and will give a true 
alarm instantly giving precious 
seconds for remedial action. 

Wide-spread fire or over-heat con- 
ditions and localized hot spots trigger 
alarms at virtually identical tem- 
peratures. 

Aircraft can now have continuous 
fire and over-heat detection that is, 


in effect, a network of unit detectors, 
monitoring a widely varying series of 
temperature situations. Lengths of 
sensing tube, each set to trigger the 
alarm at a different temperature, can 
be joined in a single loop, without one 
segment’s affecting the performance 
of any other segment. 


Fenwal has developed and tested 
exhaustively a large family of detec- 
tors for service over a range from 
350° F to 2000° F. 

The reliability and durability is 
due, in large measure, to the novel de- 
sign of the control unit. The unit, 
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FIRE DETECTOR 
RELIABLE, ACCURATE 


SELECTIVE, ACCURATE DETECTOR — So flexible it can be bent into any 
continuous-fire-detection bugbear of false alarming. 


small enough to fit in the palm of a 
hand, is a hermetically-sealed mag- 
netic amplifier which, when the alarm 
temperature is reached, amplifies the 
changes occurring in the detector loop 
and actuates alarms. It is light, 
tough, and not in the least position 
sensitive. 


Write for full details to Fenwal In- | 
corporated, Aviation Products Divi- 
sion, 177 Pleasant Street, Ashland, 
Massachusetts. 


EXHAUSTIVE TESTS—Mock-up of detection loop (mounted on right panel) is tested with 
flame, demonstrates conclusively that it triggers alarm at same temperature despite 
Ee Precisely variable ambient temperatures along loop and regardless of the length of loop exposed. 


Controls Temperature 
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Designers and Producers of Aircraft 
Hydraulic and Fuel Valves. 


Because 


HIS LIFE 


depends on it... 


... nothing is left undone to make the Relief Valve 
in the fuel pump, the Safest, the most Dependable, 
the Lightest valve possible with today’s 

skills and materials. 


Fluid Regulators Corp. is a Major 
Designer and Producer of Relief Valves 
for jet fuel pumps. 


luid 
PJesulators 


CORPORATION 
313 GILLETTE ST. + PAINESVILLE, OHIO 
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Air Age trom his 


Piston engines .. . jets... and now, missiles, Foote Bros. 
craftsmen are watching the steady advance of American 
air progress from their machines. They’re not only 
watching it—they are an important part of it, because, 
at this moment they are helping produce components 
capable of performance undreamed of a short time ago. 
At Foote Bros., yesterday’s technology, methods and standards of precision 
are obsolete. Today, these men are working with new metals in new ways, with 
greater precision, to produce lighter, stronger and more reliable gearing, 
power transmission and actuating mechanisms for the air age of tomorrow. 
It is the willingness to innovate, the ability to anticipate, and the 
determination to excel that have helped Foote Bros. engineers and production 
men keep pace with, and earn the confidence of, the aviation industry. 


BROS. 


Beller Power Thanbmission Thiough Beller 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
4545 South Western Boulevard. Chicago 9. Illinois 


We may be able to help solve your problems 
involving precision gearing and actuating 
mechanisms, and would welcome the op- 
portunity of talking with you. 


this trademark stands for the finest industrial gearing made 
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RCA-2N247—"‘Drift”’ Transistor for use as an RF 
amplifier in the AM broadcast-band and up into 
the short-wave bands. Flexible leads. 


RCA-2N219—For converter and mixer-oscillator 
applications in standard-AM broadcast-band re- 
ceivers. Has flexible leads. For linotetrar 3-pin 
base version, specify RCA-2N140. 


RCA-2N220—Exceptionally low-noise type for pre- 
amplifier or input stages of transistorized audio 
amplifiers operating from extremely small input 
signals. Has flexible leads. For linotetrar 3-pin 
base, specify RCA-2N175. 


for top-flig 


RCA offers a broad line of superior-quality transistors 
for RF, IF, AF Amplifiers, and Computer Switching service 


in aviation-electronics applications. 


When you design for airborne or ground-control electronic 


NG REVIEW 


RCA-2N269—For low-level, medium speed, on-off, 
control applications as in flip-flop and gating 
circuits of electronic computers. Flexible leads 


c 


RCA-2N217—For large-signal AF amplifier service. Jim 
In class B push-pull, two RCA-2N217’s can deliver 
max. signal power output of approximately 150 
milliwatts. Has flexible leads. For linotetrar 3-pin 
base, specify RCA-2N109. 


RCA-2N301 For audio-power output stages of equipment 
requiring high output with low distortion at high power 
gain. In class A, one RCA-2N301 can deliver a max.- 
signal power output of approximately 2.7 watts; a pair 
can deliver up to 12 watts in class B push-pull. For oper- 
ation at peak collector voltages as high as 60 volts, 
specify RCA-2N301-A. 


EAST 


equipment, uniformity of transistor characteristics is vital. 


Special-purpose electronics apparatus requires transistors with 


the added feature of extreme stability. RCA’s advanced 


manufacturing techniques combined with rigid quality controls 
assure “top-flight performance” in all applications. Described 
here are some of the outstanding units from RCA’s broad line 


of junction transistors of the germanium p-n-p alloy type— 


now commercially available. 


SEMICONDUCTOR DIVISION 


Radio Corporation of America 
Somerville, N. J. 


WEST....... 


MIDWEST 


GOVERNMENT . 


RCA-2N206—For moderate-power AF amplifier 
service. Meets military specification MIL-T- 
25380/4 USAF. (Max. collector dissipation, 75 
mw. at ambient temp. of 25°C.) Flexible leads. 


RCA-2N218—For 455-Kc IF amplifier applications 
in standard-AM broadcast-band receivers. Has 
flexible leads. For linotetrar 3-pin base, specify 
RCA-2N139. 


RCA-2N270—For large-signal AF amplifier service. 
In class A, one RCA-2N270 can deliver a max.- 
signal power output of approximately 60 milli- 
watts; in class B push-pull, a pair can deliver 
up to 500 milliwatts. Flexible leads. 


oerformance 


Contact your RCA Field Representative for a 
discussion of the many advantages offered your 
specific designs by RCA Transistors. 


Newark 2, N. J. 
744 Broad Street 
HUmboldt 5-3900 


Los Angeles, Calif. 
6355 E. Washington Bivd. 
RAymond 3-836] 


Chicago, IIl., Suite 1181, 
Merchandise Mart Plaza 
Whitehall 4-2900 


Dayton, Ohio 
224 N. Wilkinson Street 
HEmlock 5585 


Washington, D. C. 
1625 ‘'K'' Street, N. W. 
District 7-1260 


For technical data on RCA Transistors, write to 
RCA Commercial Engineering, Sec. H-87-NN, 
Somerville, N. J. 
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BILL FOX, Convair’s Senior Project Engineer on 
the F-102A, was graduated from the University of 
Virginia (BSME) in 1943. He has been with 
CONVAIR-SAN DIEGO since graduation, except for nine 
months with the U.S. Air Force. His success at 

Convair underscores the career opportunities 
for engineers at this “young man’s company.” 


“Engineers—here’s how the first application of 
‘Area Rule’ made our Convair F-102A supersonic!” 


“A prototype of the F-102, Convair’s unique delta-wing 
interceptor, was being tested. While design changes 
were being evaluated, our aerodynamics group at 
CONVAIR-SAN DIEGO recommended the application of a 
new N.A.C.A. theory — “Area Rule’ — that would reduce 
the airplane’s drag in the transonic range... push its 
speed beyond Mach 1. 

“We put models through exhaustive wind tunnel tests. 
Mock-ups were built, checked and re-checked for con- 
struction details. A prototype based on the new ‘aero- 
dynamic recipe’ was ordered. Then, in just 117 days, a 
new airplane —the Convair F-102A — was completed. 
Its wasp-waisted appearance reflected the first applica- 
tion of “Area Rule’ — made the F-102A supersonic. 

“Important as this project was, it represents only one 
of the many creative assignments being solved at 


CONVAIR-SAN DIEGO—on projects like our F-102A Inter- 
ceptor and Convair’s 880—world’s fastest Jetliner. 

“You will like this diversity of activity, and the Convair 
atmosphere, where you see and feel accomplishment. 
You will enjoy living in beautiful, smog-free San Diego. 

“For greater career opportunity, for stimulating diver- 
sity — for your future’s sake — write for more information 
about CONVAIR-SAN DIEGO today!” Write Mr. H. T. 
Brooks, Engineering Personnel, Dept. 68A. 


CONVAIR 


SAN DIEGO 
3302 Pacific Highway, San Diego, California 
CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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Lightweight Pacitron Fuel Gage Systems: 
Fuel measurement and management systems 
incorporating latest technological improve- 
ments. Consistent reliability and dynamic prog- 
ress are typified by the Load Limit Control, 
Center of Gravity Control and new True Mass 
Fuel Gaging System. Specification of Pacitron 
in latest military and commercial aircraft em- 
phasizes Simmonds’ continued leadership. 


Simmonds SU Fuel Injection Systems: The 
only advanced type fuel injection system now 
in production for medium h.p. gasoline en- 
gines, the SU System has been proven in field 
tests to give economies up to 25%. Eliminates 
icing problems, gives improved cold starts. 


Precision Push-Pull Controls: Simmonds 
Push-Pull Controls are positive, precise and 
rugged. Capable of heavy loads and accurate 
operation under vibration, continuous cycling, 


Simmonds 
AEROCESSORIES, INC. 


General Offices: Tarrytown, New York 


Branch Offices: Detroit, Michigan * Dayton, Ohio * Washington, D.C. 
Dallas, Texas * Wichita, Kansas * Glendale, California * Seattle, Washington 
Sole Canadian Licensee: Simmonds Aerocessories of Canada Limited * Montreal 


HYDRAULIC 


AUGUST, 1957 


...choose Simmonds products! 


MECHANICAL 


temperature extremes, etc. Proved in millions 
of miles of service on aircraft engines, pres- 
surized doors and specialized applications. 


Cowling and Access Latches: Heavy duty 
flush fitting aircraft latches for installation 
on cowlings and access panels. Two-piece 
toggle type, available to fit a wide range of 
structural curvatures; for attachment of plastic 
radomes, etc. 


Liquid Level Sensing Systems: Working 
independently of the fuel gage system, this 
thermistor sensing system indicates accurately 
the precise time at which fuel, oil or other 
liquid goes above or below any designed level. 
It also automatically stops or starts pumps or 
valves to transfer the liquid from one tank to 
another. The system is rugged, has no tubes or 
moving parts, is light and compact. Operates 
on military aircraft fuels and oils. 
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6 and 8 cfm Compressors 


4 cfm Compressor 


Portable Ground 
Service Carts 


PNEUMATIC POWER-PLUS 


A leader in the development of dependable, 
lightweight pneumatic devices, Walter Kidde 
& Company, Inc., has in production rugged, 
tested 2, 4, 6 and 8 cfm air compressors. De- 
livering air at 3,000 and 5,000 psi, Kidde 
compressors may be driven by air turbine, 
hydraulic or electric motor, gear box or 
direct engine pad. Equally available are 
compact package assemblies providing all es- 
sential components for optimum operation 
of pneumatic systems. Users of Kidde air 
compressors include Boeing, Fairchild, Lock- 


heed, North American, Republic, Douglas, 
Convair, Avro. 

Also in production is the compact, port- 
able 4 cfm ground service cart (above, lower 
right) which supplies dry air (stored in 
shatterproof, wirewound steel sphere) from 
50 to 3,000 psi. Kidde has ground service 
carts and compressors with higher outlet 
pressures, larger capacities and various type 
drives which can be made to meet your exact 
specifications. For full information, write to 
Kidde today. 


Walter Kidde & Company, Inc., Aviation Division 
811 Main St., Belleville 9, N. J. 


= : e@ Walter Kidde & Company of Canada Ltd., Montreal 


District Sales-Engineering Offices: Dallas, Tex.; Dayton, Ohio; St. Louis, Mo.; Seattle, Wash.; Van Nuys, Calif.; Washington, D.C. 
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SPS Hi-Ti titanium aircraft bolts are regularly manufactured in four standard configurations: internal wrenching tension bolts, 
12-point external wrenching tension bolts, hexagon head external wrenching shear bolts, and flush head internal wrenching shear bolts. 
Weighing 43% less than steel bolts of equivalent dimensions, they can save you as much as 1000 Ib. per airframe—with no loss in strength. 


SPS Hi-Ti titanium bolts help you build 
lighter airframes without sacrificing strength 


HI-Tl versus Alloy Steel BOLT 


STEEL A comparison of typical 
HI-Tl mechanical properties 


* TENSILE STRENGTH (psi) me 


* TENSILE STRENGTH- 174,500 


FATIGUE STRENGTH (psi) 
at 8,000,000 CYCLES HB 50.000 
(with 10% preload) ‘ 


STRENGTH-TO-WEIGHT 
RATIO at 
PEAK STRENGTH 


* ELONGATION (%) 
* REDUCTION IN AREA (%) 56.6 


Hi-Ti vs. alloy steel. Tensile, elongation and reduction area 
properties are based on the performance of bolt gage specimens. 
Endurance limit was determined by subjecting bolts to tension 
load alternating between maximum and 10% preload for a 
total of 8,000,000 cycles without inducing failure. Significant 
comparison is the strength-to-weight ratio at endurance limit. 


SPS Hi-Ti titanium bolts help you solve the problem of 
reducing airframe weight without compromising strength. 
They weigh 43% less than alloy steel bolts of the same size. 
One |b. of them can do the work of 134 Ib. of steel bolts. 
Yet in tensile-strength-to-weight ratio and fatigue resist- 
ance, they outperform steel. 


Once considered a laboratory curiosity, titanium bolts 
have for some time been standard production items at 
SPS. Hi-Ti bolts are found in many advanced design 
operational aircraft. This is because SPS—producer of the 
first successful titanium aircraft bolt—invested over 
$500,000 and several years of high priority research in 
learning how to deal with this promising but sensitive 
metal. Today SPS has the most extensive facilities in the 
industry for the production and testing of titanium fasteners. 
As a result, we can give you both the technical assistance 
and the delivery you need to utilize fully the advantages of 
titanium bolts in your current airframe projects. 


For more information on Hi-Ti titanium aircraft bolts, 
write Aircraft Products Division, STANDARD PRESSED STEEL 
Co., Jenkintown 58, Pa. 


STANDARD PRESSED STEEL CO. 


JENKINTOWN 


AIRCRAFT PRODUCTS DIVISION 


PENNSYLVANIA 


| 
1.00 
R 
TO-WEIGHT RATIO 295,750 
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AIRCRAFT and MISSILE SYSTEMS and COMPONENTS 


wrhere PE REORMANCE 
demands PRECISION 


where liquid level is critical 


LIQUID LEVEL SWITCH 

A new degree of accuracy and reliability 
is provided by this new Liquid Level 
Switch. The unit utilizes the absorptive 
properties of liquids to radioactive 
emission, achieving precise liquid level 
indication. 


where frequency must remain constant 


CRYSTAL OVEN 


By employing the melting point 
characteristics of crystalline substances, 
this new compact Crystal Oven maintains 
extremely stable crystal cavity 
temperatures. Temperature tolerance 


where altitude builds fatigue 
MINIATURE OXYGEN REGULATOR 


Helmet or mask mounted, this new 
ultra-compact regulator allows effortless 
breathing ... eliminates many of the 
bulky fittings previously required. The 
regulator is available as either a 

straight demand or demand with 
automatic pressure breathing unit. 


where friction is kept to a minimum 


BALL VALVE 

This new Ball Valve overcomes frictional 
limitations characteristic of conventional 
designs through the use of a unique 
pressure balance seal. 


where damping is a vital factor 
VISCOUS DAMPER 

This device makes use of the viscous 
properties of silicone fluid to effect 
controlled damping of rotary shafts. 
Damping range is 2.25 to 

56.5 in-lb/radian/sec at 70° + 5°F. 
Damper operates to —107°F. 

For complete information on these products write 

for technical bulletins. 


AERONAUTICAL DIVISION 


Kobertshaw Fu ultow 


CONTROLS COMPANY 


PRODUCTS FOR PROGRESS 


Outstanding facilities 
for the research and 
development of special- 
ized control devices. 


Santa Ana Freeway at Euclid A ¢ Anaheim, California 
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SROUND 
ZERO 


(GLOBAL GUARDIAN- Nowhere can an aggressor take refuge from 


America’s mighty instrument of retaliation, the Northrop Snark SM-62... 
world’s first intercontinental guided missile, now scheduled for delivery to 
the Strategic Air Command of the U.S. Air Force. These pilotless bombers 
are designed to carry nuclear warheads with unerring accuracy over inter- 
continental ranges. Snark missiles can be launched in mass from sites thou- 
sands of miles from their targets. This forceful deterrent to attack is an 
existing product of Northrop’s ‘‘years ahead”’ engineering. Missiles, drones, super- 
sonic jet aircraft, ground support and armament equipment, integrated weapon 


‘ a systems and other vital national defense elements are being developed and pro- N\ @) R 7 Il R Q P 
i duced at Northrop, where simplicity and economy are vital elements in + 
the continuing search for weapon systems to guard tomorrow’s free America.  sortmror sincrart, Inc. + BEVERLY HILLS, CALIFORNIA 


Builders of the First Intercontinental Guided Missile 


¥ 
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arts a of 
Jer Transportation 


America’s first jet airliner recently 
streaked across the country in three 
hours and 48 minutes for a new 
transcontinental passenger plane 
record. The plane carried 52 people 
and made the 2,325 miles from 
Seattle to Baltimore at an average 
speed of 612 miles an hour at alti- 
tudes of six miles and above. 

To control such fast planes at high 
altitudes requires control cables de- 
signed to fit the application. Engi- 
neers at American Steel and Wire 


have cooperated with airplane manu- 
facturers in designing American 
Tiger Brand Control Cables that 
meet the most rigid specifications. 
These cables have high strength, 
high resistance to bending fatigue, 
minimum stretch and the superior 
flexibility of Excellay Preformed 
Construction. They are used on all 
types of planes from fighters to 
heavy bombers. Write for complete 
information or call our nearest sales 
representative. 


The Boeing 707 jet airliner ushers in a new era of fast transportation when it will be possible to 
have lunch in New York and dinner in San Francisco. 


AMERICAN STEEL & WIRE DIVISION 
United States Steel, General Offices: Cleveland, Ohio 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO + TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS American Tiger Brand Aircraft Control Cables 
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A recent short-wave broadcast from Melbourne, Aus- 
tralia... received in Syracuse, N. Y. (over 10,000 
air miles) with no perceptible flutter or fading . . . is 
further proof that General Electric’s new radio tech- 
nique . . Synchronous Amplitude Modulation’. . . is 
the solution to the problems of long-range radio 
operations. Its concept and operation are uniquely 
simple . . . SAM* is compatible with all present forms 
of radio equipment .. . its opera- 
tors need no further specialized 


ond 


Message from 
Melbourne 


training... yet it preserves complex wave forms 
even while handling the Doppler effect. Its sup- 
pressed-carrier, double-sideband transmission and 
synchronous reception promise significant savings in 
weight and cost. Of paramount importance is SAM's* 
resistance to jamming and interference. Here again, 
is a vivid example of LMEE’s invaluable contribution 
to progress...in furthering new uses for electronics. 
For the very latest information 
on SAM*...write Section E 


Aviation EDectronios Produste Suolude: 


WEAPONS CONTROL RADAR * SEARCH RADAR + INDICATORS AND DISPLAY » COUNTERMEASURES «+ NAVIGATION 
MISSILE CONTROL + AIRBORNE SONAR + COMMUNICATIONS + FUZES + AUTOMATIC TEST + DATA PROCESSING 


Progress /s Our Most Important Product 


GENERAL €@ ELECTRIC 


LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 
FRENCH ROAD, UTICA, NEW YORK 
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1932 MEMBERSHIP 


Honorary Fgettow 


SclENTIFIC MEMBERS 
American ‘ 
Foreign. . . 

ENGINEERING MEMBERS 
American . 
Foreign . 

Pitot MEMBERS 
American 
Foreign. . . 

INDUSTRIAL MEMBE 
American 
Foreign . 


TotaL MEMBERSHIP 


. 607 


August 1957 


NEXT MONTH'S roster issue will com- 
memorate the 25th anniversary of the 
Institute. The accompanying tables show 
a quarter century of growth. 


1957 MEMBERSHIP 


Honorary MEMBERS... 16 
Honorary FELtows. . . 32 
FELLows 
ASSOCIATES . . . 5,074 
STUDENT MemsBers . .... . 4,397 


Totat MEMBERSHIP. . . 17,142 


THE CANADIAN AERONAUTICAL INSTITUTE-IAS Meeting will be held at 
Montreal's Sheraton-Mount Royal Hotel, October 21-22,and will feature tech- 
nical sessions on space vehicles, engines, flight training, airline operations, 
navigation and traffic control, and education and training. 


THE WATER-BASED AVIATION AWARD for 1957 will be presented 
to John B.Parkinson, Chief, Hydrodynamics Division, NACA Langley, 
for "sustained leadership in research onthe hydrodynamics of water- 
based aircraft."' The award will be made during the National Naval 
Aviation Meeting in San Diego, August 5-10. 


THE WRITINGS OF THEODORE VON KARMAN (HF), covering the years 1902- 
1951, have been published in four volumes titled ''Collected Works of Theodore 
von Kérman" by B tterworths Scientific Publications, London, and Academic 
Press, inc., New York, 


THE AMERICAN HELICOPTER SOCIETY'S Fourth Annual Western 
Forum will be held October 20, 21 and 22, at the Statler Hotel, St. 


Louis, Missouri, 


NEW SCRIP COUPONS, to eliminate send- SD, IAS COUPON 


ing checks, money orders or cash, may be 
used for payment for preprints of papers, 
dues, subscriptions, and other IAS services, 
Sheets of fiveand25 cent coupons are avail- 
able in book form of $5, $10, $25 or any amount 


(For Publications & Services) 


TWENTY-FIVE CENTS 

(25¢) 
This coupon will be accepted in lieu of cash for any 
IAS publication and service; or redeemed for cash 


desired from the Special Publications Dept. upon demand. 
Scrip may be ordered by foreignand domestic INSTITUTE OF THE 


members and nonmembers, 


AERONAUTICAL SCIENCES, INC. 
E 2 East 64th Street New York 21, N.Y. 
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News Notes (Con’t.) 


THE IAS LIBRARY at National Headquarters is now receiving more than 400 
periodicals, from which articles of interest to engineers and scientists are 
abstracted. These, together with abstracts of current technical reports, 
appear in the AERONAUTICAL REVIEWS section and the INTERNATIONAL 
AERONAUTICAL ABSTRACTS ( yellow pages). The original material is 
available on loan to IAS members throughout the United States and Canada. 


LIBRASCOPE, INCORPORATED, manufacturer of computer and 
control devices for aircraft and missiles, has joined the Institute 
as a Corporate Member. The firm is located at 808 Western Ave- 
nue, Glendale, California. 


THE INSTITUTE invites applications for another two-year Fellowship in 
Flight Test Engineering. Forms may be had by writing to Flight Test, Insti- 
tute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N. Y. 
The letter requesting forms must be endorsed by a sponsoring reference. 


BEGINNING JANUARY, 1958, subscription rates for the Review 
will be $5.00 a year in the U. S. and possessions, and $6.00 a 
year in foreign countries including Canada. The price revision, 
first since the Review was founded in 1934, reflects rising pro- 
duction costs and a several-fold increase in content. Single copy 
price remains at $0.50. 


NATIONAL MEETINGS CALENDAR 


Aug. 5-10 National Naval Aviation Meeting, U.S. Grant Hotel, San Diego, 


California. 


Sept. 1-15 Sixth Anglo-American Aeronautical Conference, Royal Aero- 
nautical Society and IAS, London and Folkestone, Great 
Britain. 


Oct, 21-22 Canadian Aeronautical Institute-IAS Meeting, Montreal,Canada., 


Nov. 7-8 Weapons System Management Meeting, Statler-Hilton Hotel, 
Dallas, Texas. 


Dec. 17 Wright Brothers Lecture, Washington, D. C. 

1958 
Jan, 27-31 Twenty-Sixth Annual Meeting, Sheraton-Astor Hotel,New York. 
September’ First International Congress, International Council of the Aero- 
nautical Sciences, Madrid, Spain. 


SECTION MEETINGS CALENDAR 


Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. 

"A Glance at the Spectrum of High Speed Power Plant" by A. 
Charwat. 

Aug. 27 Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. 

"Controlled Thermonuclear Reactions" by C. L. Critchfield. 
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AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1957 


Curtiss-Wright 
TURBOLECTRICS 


Propellers with the 


BRAINS 


Converting the power of the new gas turbine or 
“turboprop” aircraft engines into useful thrust is a 
most exacting assignment for the time-honored pro- 
peller. It has to handle just about double any previous 
power... smooth out fast accelerations characteristic 
of these engines . . . control their power by the 
subtlest amount of pitch change on the blades... 
reverse to slow down and stop the momentum of 
some hundred tons of airplane. 


With electromechanical brains for precise control 
.. . and with tough, one-piece extruded steel blades 
to handle unprecedented horsepower . . . Turbo- 
lectrics convert the basic operating efficiency of the 
turboprop into flying efficiency. 


A leader in powerplant design, Curtiss-Wright also 
leads today in translation of turbine power into useful 
propeller thrust. 


© 
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To keep pace with 
aircraft of the future for 
BETTER, SAFER FLIGHT 


QUALIFICATION TESTING 


OF YOUR PRODUCTS 


ADEL’s Research Laboratory is 
equipped to handle your environ- 
mental testing requirements to 
many specifications, including 
MIL-E-5272. 

Available for your use are the 
specialized, advanced research, 
environmental testing facilities 
required for ever higher product 
quality. 

Get the benefits of the un- 
matched experience of highly 
skilled engineers and technicians 
for your FORWARD DESIGNS. 


Partial view of environmental 
testing facility 


Write to Research 
Department for free 
copy of Brochure 
QUALIFICATION 
TESTING 


A DIVISION OF GENERAL METALS CORPORATION 


BURBANK, CALIFORNIA * HUNTINGTON, WEST VIRGINIA 
DISTRICT OFFICES: MINEOLA DAYTON WICHITA DALLAS TORONTO 


Designers, Developers, Manufacturers and Testers of H ydraulic, Pneumatic, Fuel, Mechanical and Electrical Equipment 


Hydraulic & Pneumatic Anti-lcing, Heater & Engine Hi-Temp Manual & Electric Motor Driven 
Control Equipment Fuel System Equipment Accessories Solenoid Operated Valves Hydraulic Power Packages 


Fir 


| 20 
Ay 
the 
he: 
M 
by 
| na 
ac 
er 
m 
al 


YP = Wt 


IAS News 


A Record of People 
of Interest to Institute Members 


First International Congress of Aeronautical 
Sciences Slated for Madrid in 
September, 1958 


New Worldwide Aeronautics Organization Formed in Paris 


I HE INTERNATIONAL Council of the Aeronautical Sciences has announced 
its first International Congress of Aeronautics, to be held in Madrid, Spain, 


in September, 1958. 

This was decided by the Provisional 
Council of the new organization at its 
initial meeting in Paris on May 30. 
Sixteen representatives of ten nations 
met to form this first worldwide organ- 
ization whose specific goal is to extend 
collaboration in all scientific areas per- 
taining to mechanical flight. Con- 
gresses will take place in other countries 
biennially. 


Roll of IAS 


The IAS, as the representative society 
in the United States for aeronautical 
scientists, engineers, and technical spe- 
cialists, will act as permanent secre- 
tariat of the ICAS and provide the 
operating staff. 

Funds toward the support of the 
ICAS are being made available through 
the Institute by utilization of a sub- 
stantial donation by Harry Guggen- 
heim, an IAS Honorary Fellow whose 
philanthropies in the interest of aero- 
nautical research and development are 
well known. 

In Mr. Guggenheim’s honor, the 
ICAS has established the Daniel and 
Florence Guggenheim International 
Memorial Lecture. It will be presented 
by one of the world’s outstanding aero- 
nautical scientists at each International 
Congress. 

Every country in the world that has 
an organized society dedicated to the 
advancement of the aeronautical sci 
ences will be invited to participate in the 
ICAS without regard to military or 
political interest. 

Theodore von Karman, world-re- 
nowned aerodynamicist and _ teacher, 
and Chairman of the Advisory Group 


for Aeronautical Research and Develop- 
ment of NATO, was elected Honorary 
President and permanent member of the 
Council. 

France’s Maurice Roy, Director, 
Office National d’Etudes et de Recher- 
ches Aéronautiques, was elected Chair- 
man of the Provisional Council’s Execu- 
tive Committee. 


ICAS Provisional Council 


The 16 delegates at the ICAS organ- 
izational meeting who make up _ the 
Provisionai Council are as follows: 

Canada: John J. Green, Defence 
Research Member, Canadian Joint 
Staff. 

France: Charles de Faget, Office 
National d’Etudes et de Recherches 


Maurice Roy 
Chairman, ICAS Provisional Council 
Executive Committee 


and Euents 


Theodore von Karman 


Honorary President, ICAS 


Aéronautiques; Jules Jarry, President, 
Association Frangaise des Ingenieurs et 
Techniciens de 1l’Aéronautique; and 
Maurice Roy, Director, ONERA. 

Germany: Hermann Blenk, Presi- 
dent, Wissenschaftliche Gesellschaft fiir 
Luftfahrt. 

Great Britain: A. M. Ballantyne, 
Secretary, The Royal Aeronautical 
Society; and E. T. Jones, General 
Director of Technical Development, 
Ministry of Supply. 

Holland: A. J. van der Maas, Pro- 
fessor of Aeronautics, Delft Technical 
University. 

Italy: Guiseppe Gabrielli, Director, 
Divisione Aviazione FIAT. 

Spain: Col. Antonio Perez-Marin, 
Secretario General, Instituto Nacional 
de Tecnica Aeronautica. 

Sweden: Bo K. O. Lundberg, Direc- 
tor, Aeronautical Research Institute of 
Sweden. 

Switzerland: Greinacher, Chief 
Aviation Section, Service Technique 
Militaire. 

U.S.A.: Hugh L. Dryden, Director, 
National Advisory Committee for Aero- 
nautics; S. Paul Johnston, Director, 
IAS; Theodore von Karman, Chairman, 
AGARD, of NATO; and Frank L. 
Wattendorf, Director, AGARD, of 
NATO. 
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First Choice in Speed Controls 


The winding of wire on toroidal cores is a precision machine operation 
— one requiring COMPLETE control from beginning to end. Typical rheo- 
stat or inductor production may call for use of wire ranging in size from 
No. 25 to 35; and on occasion the job may require work with heavy wire 
ribbon 14" wide or more. 


The high degree of flexibility required is best provided by the Variac 
Motor Speed Control, specifically designed for machine tool and other ex- 
acting manufacturing operations. Continuous speed control over wide ranges 
— full torque at very low as well as at very high speeds — and an absolute 
minimum of torque pulsation or “jumping” which often causes rejects — are 
but a few of the features incorporated in this equipment to make it one of the 
finest motor speed controls on the market today. 


G-R Variac Motor Speed Controls will operate d-c shunt, compound, or 
series motors from a-c lines, providing all the advantages of d-c motor per- 
formance with the convenience of operation from readily available a-c power. 
Units are available with ratings ranging from '/,; to 1% hp, in either 
rugged industrial-type cabinets or as stripped-down models for assembly as 
integral parts of other equipment. Prices (less motor) range from $85 to $380 
for cabinet models; $72 to $358 for basic stripped-down units. Quantity 
discounts apply. 

Write for complete information 


The Rex Rheostat Company 
has experimentally controlled its winding machines 
with a wide variety of both electrical speed controls and iiailidiicel, 
devices. None were found to compare in performance to the G-R Control now 
specified for plant-wide use. Production-control engineers and machine operators alike 
appreciate this Control's ease of handling and high production efficiency. 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. 


Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 


1000 N. Seward St. LOS ANGELES 38 


8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 1150 York Road, Abington, Pa. PHILADELPHIA 
6605 W North Ave., Oak Park CHICAGO 


1182 Los Altos Ave., Los Altos, California SAN FRANCISCO 


® 


Versatility — the G-R Control op. 
erates at high speeds for wire winding, is 
equally useful for work with heavy ribbon 
at considerably slower speeds — same 
control does both jobs without need for 
pulley or gear changing. 
Full-Torque Starts permit opera- 
tor to watch and carefully control work at 
slow speeds when correct wire pitch and 
space distribution must be determined. 
Smooth Acceleration with con- 
stant torque eliminates sudden pulling of 
wire and possible breaking or flexing. 
Fast Stopping permits automatic motor 
shut-off exactly to the turn — extremely 
useful in many machine operations. 
Motor Reversal with flick of switch 
— extremely convenient when magazine 
of the winding machine must be loaded. 
Long Life with minimum maintenance 
— no electron tubes; built in overload pro- 
tection prevents motor burnout. 


These characteristics have proven useful to 
many. They can also be of service to you. 


All G-R Products 
A are now covered by a 


2- Warranty 
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Jerome C. Hunsaker to Receive RAeS Gold Medal 


Society’s Highest Honor to Be Awarded During Anglo-American Conference 


Time Schedule for Technical Papers, Wives’ Program Announced 


C. HuNsAKER (HF) has been 
named by the Royal Aeronautical 
Society to receive its highest award at 
the Wilbur Wright Lecture during the 
Sixth Anglo-American Aeronautical 
Conference. 

On September 13, Dr. Hunsaker will 
be awarded the Society’s Gold Medal 
“for his contributions to aeronautical re- 
search and education, including his 
inspired chairmanship of the National 
Advisory Committee for Aeronautics.” 
This is the highest honor which the 
Society can confer for work of an out- 
standing nature in aeronautics. 

The RAeS also has announced the 
election of the following Americans as 
Fellows of the Society : 

Edward H. Heinemann (F), Chief 
Engineer, Douglas Aircraft Company, 
Inc., El Segundo Division; S. Paul 
Johnston (F), Director, IAS: Jerome 
F. Lederer (F), Director, Flight Safety 
Foundation, Cornell-Guggenheim Avi- 
ation Safety Center; John C. Leslie (F), 
Administrative Vice-President and Di- 
rector, Pan American World Airways, 
Inc.; Alfred S. Niles (F), Professor of 
Aeronautical Engineering, Stanford Uni- 
versity; Courtland D. Perkins (AF), 
Chief Scientist, USAF; Rear Adm. 
Selden B. Spangler (F), Commander, 
U.S. Naval Air Development and 
Material Center; and John Stack (F), 
Assistant Director, Langley Aeronautt- 
cal Laboratory, NACA. 

Other members of the Institute who 
were elected Fellows in the Society are 
Douglas W. Holder (AF), Senior Princi- 
pal Scientific Officer, Aerodynamics 
Division, National Physical Laboratory, 
Teddington, Great Britain; and Paul 
R. Owen (AF), Professor of Mechanics 
of Fluids and Director of Laboratory, 
Manchester University, Great Britain. 


More Conference News 


Plans for the Conference are continu- 
ing, and the RAeS has announced that 
preprints of technical papers will be 
available in looseleaf form before they 
are presented. Final publication will be 
in a bound volume (Proceedi+ gs) and 
will incorporate with the discussions any 
modifications and additions made by 
the author at the time of the formal 
delivery of the paper. 5 

Clark B. Millikan (HF), Director, 
Guggenheim Aeronautical Laboratory 
and Southern California Cooperative 
Wind Tunnel, California Institute of 
Technology, will deliver the forty-fifth 


Jerome C. Hunsaker (HF) 
Recipient of 1957 RAeS Gold Medal 


Wilbur Wright Lecture in London. 
Dr. Hunsaker delivered this lecture in 
1920. 


Technical Paper Schedule 


The 16 technical papers scheduled 
will be presented at the Metropole 
Hotel, Folkestone, from Monday, Sep- 
tember 9, to Thursday, September 12. 
There will be no parallel sessions during 
these 4 days, and it will be possible to 
attend all the lectures. (All lectures 
will be 1!» hours long.) Papers will be 
presented in the following order: 

Monday: 9:15 am.—‘NACA Re- 
search on VTOL and STOL Airplanes”’; 
11:00) a.m.—‘‘Small Nuclear Power 
Units”; 2:00 p.m.—‘‘Control of Super- 
sonic Propulsion Systems”; 4:00 p.m. 
“The Electrical Control of Power 
Plants.” 

Tuesday: 9:15a.m.—*‘Some Aspects 
of Kinetic Heating of Aircraft Struc- 
tures’; 11:00 a.m.—‘“Nine Years’ Ex- 
perience With Titanium’; 2:00 p.m. 
“The Use of High-Temperature Non- 
metallic Materials’; 4:00 p.m.—*‘Blast 
Loads on Aircraft Structures.” 

Wedvesday: 9:15 a.m.—‘‘Safety in 
Relation to Structural Damage’; 11:00 
a.m.—‘‘An Appraisal of Aeroelasticity 
in Design, With Special Reference to 
Aeroelastic Stability’; 2:00 p.m.- 
“The Presentation of Information by 
Aircraft Instruments’; 4:00) p.m. 
“Increased Usable Lift Through Bound- 
ary-Layer Control.” 

Thursday: 9:15 am.—‘The Role of 
Experimental Hyperballistics in the 
Development of Future Airplanes and 


Missiles’; 11:00 a.m.—‘‘Future Aero- 
dynamic Shapes”; 2:00 p.m.—‘‘Aero- 
dynamic Effects of Boundary-Layer Un- 
steadiness”; 4:00 p.m.—*The Human 
Pilot as an Aircraft Operator.”’ 


Wives’ Program 


The RAeS has set up a special London 
program for wives of engineers attending 
the Conference. Applications for this 
have been mailed. The schedule lists 
the following activities: 

August 31 and September 1 (morning): 
Registration at + Hamilton Place, Lon- 
don. September 2: Tour of London, 
including Thames River boat trip and 
theater in the evening. September 3: 
Visit to Windsor Castle and tea with 
Lady Edwards. September 4: Visit 
to the Colleges of Oxford University. 
September 5 and 6: Visit to Stratford- 
On-Avon, theater, overnight at Strat- 
ford, Warwick Castle, and Kenilworth 
or Evesham, Cheltenham Stow-in-the- 
Wold, Aylesbury. 

The second week’s program at Folke- 
stone, indicated on the delegate’s 
application form, lists the following 
functions to which wives are invited: 
reception at the Metropole Hotel, 
evening of September 9; Mayor's recep- 
tion, evening of September 11; dinner, 
evening of September 12; Wilbur 
Wright Lecture (London), evening of 

September 13; and a garden party at 
Wisley Aerodrome, morning of Septem- 
ber 15. 


Six Institute Members 
In New Engineering Firm 


A group of aeronautical engineers and 
research scientists, six of whom are IAS 
members, have formed the Research 
Engineering Services Corporation 
(RESCO) to engage in contract engineer- 
ing activities. 

The six IAS members are Willi F. 
Jacobs (M), RESCO President; Peter 
Fielding (M), Vice-President; Gordon R. 
Forbes (M), Wilfred C. J. Garrard (M), 
Nils-Olof Olesten (M), and John H. 
Paterson, (M). 

The firm has announced that its 
primary goal will be to make available to 
general industrial groups in this country 
the technological advances pioneered 
throughout the field) of aeronautics. 
RESCO will provide an organized channel 
for the commercial application of aero- 
nautical advances to other fields of 
engineering, according to the  firm’s 
president. 

The company can be reached at P.O. 
Box 467, Sandy Springs, Ga. 
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Meeting the stringent requirements 
of today's Missiles and Jet Aircratt 


are now in use in the majority of our 


Type: D-925 Rotary Actuator for Missile 
Fin. Output: 400 inch-pounds @ 64 RPM, 
24 volts, 27 amps. Duty Cycle: 1 minute 
on, 10 minutes off; Gear Reduction: 135 
to 1 in 2.25” length; Weight: 6.75 Ibs. 
Meets Mil. Specs.: MIL-A-8064 for actu- 
ators, MIL-M-8609 for motors. 


Type: D-892 Power Package; Size: 7%” 
x 4%,” x 2%”. Output: 28 volts D.C., 
1390 RPM at take-off shaft, 18 inch-oz. 
torque. Weight: 334 lbs.; Operative in 
ambient temperatures to 250° F. Meets 
Military Specifications: MIL-A-8064 for 
actuators, MIL-M-8609 for motors. 


Type: D-607 Transport Door Actuator; 
Weight: 4.5 Ibs. Stroke: 6.25”; Operating 
Load: 450 Ibs.; Ultimate Static Load: 
7150 Ibs. tension; Speed of Stroke: 
under 450 Ib. load—0.3” per second. 
Size of Power Section: 24%” x 414” x 
8%,”. Meets Mil. Specs.: MIL-A-8064 for 
actuators, MIL-M-8609 for motors. 


latest aerial weapons 


EMCO’s low-weight, high- 
power linear and rotary actuators are 
designed and engineered to give con- 
sistent, top-efficiency performance 
under the most extreme environ- 
mental conditions. The widespread 
use of these rugged components can 
only mean that the entire aircraft 
industry recognizes their built-in 
accuracy and reliability. EEMCO, in 
turn, recognizes the importance of 
adhering to strict production sched- 
ules, and will continue to assure 
prompt delivery. 


Type: 0-818 Leading Edge Flap Actuator; 
Weight: 20.5 Ibs. Normal Operating Load: 
6,000 Ibs.; Maximum Operating Load: 
12,000 Ibs. Ultimate Static Load: 24,000 
Ibs.; Stroke: 3.15”; Rate of Travel: 33” 
per second; Amperes: 3 amps at 480 
cycles on 200 volts at the 6,000 Ibs. load. 
Meets Mil. Specs.: MIL-A-8064 for actu- 
ators, MIL-M-7969A for motors. 


Type: D-868 Rotary Actuator; Weight: 
9% \bs. Power: 200 volt, 400 cycle, 3- 
phase motor. Ambient Temperature 
Range: —65°F. to +400°F.; Shaft 
Torque Limit: Adjustable. Load: 1,650 
inch-lbs. maximum to approx. 2 RPM on 
1.5 amps. Meets Military Specifications: 
MIL-E-7894 and MIL-A-8064. 


Type: D-822 Trailing Edge Flap Rotary 
Actuator; Weight: 35 Ibs. Normal Oper- 
ating Load: 26,000 inch-lbs. Maximum 
Operating Load: 52,000 inch-Ibs. Ulti- 
mate Static Load: 75,000 inch-ibs.; 
Travel: 45 degrees at .625 RPM; Am- 
peres: 4 amps at 26,000 inch-Ibs. at 480 
cycles on 200 volts. Frequency Range: 
380 to 420 cycles. Meets Mil. Specs.: 
MIL-A-8064 for actuators, MIL-M-7969A. 


ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


4612 West Jefferson Boulevard, Los Angeles 16, California—Telephone REpublic 3-015] 


DESIGNERS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS... EXCLUSIVELY! 
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Rocket Plane Test Pilot Wins 1957 Chanute Award 


Lt. Col. Frank K. Everest, Jr., Honored 


For Development of Bell X-2 Flight-Test Techniques 


7. INSTITUTE’S 1957 Octave Cha- 
nute Award has been presented to 
37-vear-old Lt. Col. Frank K. Everest, 
Jr., “for his outstanding contributions 
to the development of rocket-powered 
aircraft flight test techniques.”’ 

Colonel Everest, a native of Fairmont, 
W.Va., received the award at the IAS 
National Summer Meeting in Los 
Angeles. He was the first pilot to fly 
the Bell X-2 rocket-driven research 
aircraft. 

The first powered flight of the X-2 was 
made on March 24, 1956. The purpose 
of this flight and seven subsequent 
flights made by Colonel Everest was to 
develop an engineering technique and 
pilot skill which would allow the air- 
craft to be flown at its full potential 
speed and altitude. His engineering 
knowledge, flying skill, and flight-test 
experience enabled him to evaluate 
difficulties encountered and to develop 
new techniques to avoid known areas of 
difficulty. 

On July 23, 1956, he completed his 
eighth and final powered flight, demon- 
strating optimum engineering technique 
and outstanding flying skill and reaching 
a greater flight speed than had ever 
been attained before. 

Colonel Everest entered aviation 
cadet training in November, 1941, and 
received his wings in July, 1942. 
After further training, he flew as a 
fighter pilot in North Africa, Sicily, and 
Italy, completing 94 combat missions 
before returning home in March, 1944. 

He served as an instructor in a fighter 
squadron stationed at Venice, Fila., 
until October, 1944, when he volun- 
teered to return to combat duty and 
was assigned to the China-Burma-India 
theater of operations. As a Squadron 
Commander in the CBI he flew another 
67 combat missions before being shot 
down by ground fire on May 27, 1945. 
He remained a prisoner until the end of 
World War IT hostilities. 

During the immediate postwar period 
he was assigned to the Flight Test 
Division at Wright-Patterson AFB 
where for 4 years he participated in air- 
craft tests. He flight tested the Bell 
X-1, reaching an altitude of 73,000 ft., 
and the XF-92, the first delta wing 
aircraft. 

In May, 1950, Colonel Everest was 
made Chief, Flight Test Operations 
Division, at Edwards AFB Flight Test 
Center. In this assignment he partici- 


pated in flight tests on the X-1, X-1B, 
D-558, XF-92, X-3, X-4, X-5, F-100, 
F-101, 


F-102, F-104, and the X-2 


- 


Lt. Col. Frank K. Everest, Jr., USAF 
Winner of the 1957 Octave Chanute Award 


aircraft. He set a new world’s 15-km. 
speed record in October, 1953, flying the 
North American F-100 Super Sabre. 
His most recent assignment was as a 
student at the Armed Forces College, 
Norfolk, Va. He is an engineering 
graduate of West Virginia University. 


The IAS award, a certificate and 
honorarium, is given annually for “a 
notable contribution made by a pilot to 
the aeronautical sciences.’’ Last year’s 
winner was A. M. ‘Tex’ Johnston, 
Chief of Flight Test, Boeing Airplane 
Company. 


Kincheloe Awarded Mackay Trophy 
For 126,200-Ft. Climb in Bell X-2 


Air Force Chief of Staff, Gen. Nathan 
F. Twining, has awarded the 1956 
Mackay Trophy to Capt. Iven C. 
Kincheloe, Jr. (A), an experimental 
Flight Test Officer at Edwards AFB, 
Calif. 

Captain Kincheloe received the 
trophy for flying the Bell X-2 rocket- 
powered research aircraft to a height 
of 126,200 ft. on September 7, 1956. 
Through his flying skill he mastered the 
highly exacting climb technique neces- 
sary for taking full advantage of the 
short fuel duration of the aircraft, the 
Air Force said. 

The Mackay Trophy is awarded 
annually for the most meritorious 
flight by an Air Force person or organi- 
zation. The citation states that Captain 
Kincheloe ‘‘with outstanding courage 
pressed well beyond the highest altitude 
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ever before achieved in a piloted air 
plane.”’ 


Capt. Iven C. Kincheloe, USAF 
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Improvements are constantly being made in Cannon connectors to give you 
maximum reliability in circuitry under constantly increasing highly critical 
vibration conditions. New lines...improvements on the AN-E design... 
include the EX, the CT, the EA, and the EB Series. 


You'll find Cannon vibration and moisture-proof resilient-insert lines 
extensive and complete, in hundreds of carefully designed layouts. Inter- 
facial sealing. Improved grommets and grommet followers. Styles with extra 
strong coupling nuts. Telescoping rubber bushings. Strong clamps. Means 
for safety wiring. Grounding lugs. Every facility to give solutions to vibration, 
moisture condensation, flashover, and corona problems. 


Vibration-proof Series include AN-E, CA-AF, CA-F, CA-FN, EA, EB, EX, 
and CT. Write TODAY for full information. 


CA 3101 AF CA 3100 F AN 3108 E CA 3108 AF 
Pin Assembly Wall Mounting Receptacle 63 Inserts Available 90° with Hex Nut 


For an interesting discussion of the broad subject of ‘‘Reliability,"” write for 
Cannon Bulletin R-1. 


WHERE RELIABILITY Is THE &'" DIMENSION 


Ve 
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Write for 44-page, 
2-color Plug 
Bultetin CPG-3 


Please Refer to Dept. 106. 


CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, Calif. Factories in Los Angeles, Salem, Mass., Toronto, 


Melbourne, London. Manutacturing licensees in Paris and Tokyo. Representatives and distributors in all principal cities. 
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American Helicopter Society’s Thirteenth Annual Forum 


1,000 Hear Courtland D. Perkins Give Honors Night Address 
17 Technical Papers Delivered, 30 Helicopters in Air Show 


AMERICAN Helicopter Society’s 
13th Annual Forum in Washington, 
May 8-11, drew a record turnout for 
the technical sessions, the Honors 
Night reception and dinner, and the 
Helicopter Display. 

Some 1,000 members and = guests 
heard Courtland D. Perkins, Chief 
Scientist, USAF, deliver the Honors 
Night address. He discussed 
thoughts on requirements of research 
and development programs covering 
helicopters, VTOL, and STOL aircraft, 
pointing up where the Armed Forces’ 
areas of interest lie. 

The Dr. Alexander Klemin Award 
was presented posthumously to Major 
Wayne W. Eggert, Experimental Heli- 
copter Test Pilot, USAF, for his con- 
tributions through flight test to the 
rotary wing industry. Col. A. T. 
Culbertson accepted the award for 
Mrs. Eggert, who was the Society’s 
guest at the Honors Night Dinner. 

Robert L. Suggs, President, Petro- 
leum Helicopters, Inc., was recipient of 
the Kossler Award for the most out- 
standing practical application of the 
helicopter in the petroleum industry. 

Two Honorary Fellowships were 
awarded to Jean Ross Howard, Assistant 
to the Director, AIA Helicopter Council, 
for her continued support of the Society 
as its Secretary during the early period of 
organization; and to S. Paul Johnston, 
for his guidance and assistance in the 
organization and development of the 
Society as Director of the Institute of 
the Aeronautical Sciences with whom 
the Society has been affiliated since 
1951. 

A total of 17 technical papers were 
presented at four sessions. These are 
available to members at a rate of $5.00 
and to nonmembers for $7.50 by writing 
the AHS Headquarters, 2 East 64th 
Street, New York 21, N.Y. 

Luncheon speaker Arthur Godfrey 
related his experiences in Africa where 
he flew a Bell 47G helicopter. 

The Annual Air Show held at Ana- 
costia Naval Air Station featured al- 
most 30 different types of helicopters, 
including the French Alouette, De- 
Lackner Aerocycle, Sikorsky H-37, and 
the Hiller XROE. 


New Officers 


New AHS officers for the 1957-1958 
term are: President—Don R. Berlin, 
Board Chairman and President, Vertol 
Aircraft Corporation; Vice-Presidents 
—New England, Michael J. Theodore, 


Sikorsky Aircraft Division, United 
Aircraft Corporation; Mideast, William 
E. Cobey, President, Transcendental 
Aircraft Corp.; Southeast, Donald M. 


Thompson, Office of Research and 
Development, Army Transportation 
Corps; Midwest, Lloyd R. Novak, 
McDonnell Aircraft) Corporation; 


Southwest, Robert R. Lynn, Bell Heli- 
copter Corp.; Western, Robert J. 
Sullivan, Hughes Tool Co., Aircraft 
Division. Claude O. Witze, Military 


Editor, Aviation Week, was elected 
Secretary, and Marvin D. Marks, 
Chief, Rotor Research, McDonnell 


Aircraft Corporation, elected Treasurer. 

Dr. Perkins, referring to current 
enthusiasm for VTOL development, 
said in effect that manufacturers should 
not put all their eggs in one basket. 
He said, “It appears to me that many 
people in the helicopter field have 
felt that the day of the helicopter is 
about over and that they are about to be 
supplanted by the more sophisticated 
VTOL and STOL configurations pres- 
ently under study in our research and 
development program. 

“There are many operational re- 
quirements of the Armed Forces that 
can be resolved more efficiently by the 
helicopter and there is no question that 
the Armed Forces will continue to use 
them quite actively. 

“The use of the gas turbine combined 
with a sophisticated program to im- 
prove the shortcomings of the helicopter 
will extend its usefulness along many 


Jean Ross Howard was congratulated by 
Charles Seibel, outgoing AHS President, 
after receiving an Honorary Fellowship in 


the Society. Harry Lounsbury, AHS 


Executive Secretary, looks on. 


Courtland D. Perkins, USAF Chief Scien- 
tist, was Honors Night speaker at the AHS's 
13th Annual Forum. 


lines and again I would encourage this 
Society to be very vocal in support of 
this type of development.” 

Dr. Perkins did not discount the need 
for VTOL and STOL aircraft and said 
it was not practical to try to solve all 
logistic cargo airplane problems with 
one of these types alone. 


Technical Papers 


The following technical papers were 
delivered at the Forum: 

Helicopter Design and Development: 
“Metal Rotor Blade Development” by 
C. H. Linnabery, Bell Helicopter Cor- 
poration, “Closing the Loop on Auto 
matic Stabilization Equipment’ by 
Walter Gerstenberger, Sikorsky Aircraft 
Division; ‘Test Experience With the 
T-58 Engine” by N. N. Davis, General 
Electric Company; “T-53 Flight Test 
and Test Stand Results’? by Leroy A. 
Howard, Lycoming Division AVCO 
Manufacturing Corporation. 

VTOL Design and Development: ‘‘The 
Limitations of a Wing for Low-Speed 
Flight”’ by J. B. Nichols, Hiller Heli- 
copters. ‘‘Compromises Associated With 
VTOL and STOL Propellers’’ by Robert 
A. Rogers, Aeroproducts Operations, 
General Motors Corporation; ‘Military 
Aspects of VTOL Aircraft Develop- 
ment”’ by Lt. Col. John L. Klingenha- 
gen, USA, Office of Assistant Secretary 
of Defense for Research and Develop- 
ment; ‘Designing for Crash Survival 
in VTOL Aircraft’? by A. Howard 
Hasbrook, Aviation Crash Injury Re- 

(Continued on page 102) 
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STAINLESS 
STEEL 
MAKES THE 
DIFFERENCE 


...1ts effect on 
modern plane 
construction 


tnielons steel honeycomb is bonded 
between thin sheets of stainless steel 
to combine strength with lightness. 

With this new construction, de- 
signers form rear nacelles, struts, 
underwing area panels, ailerons and 
rear fuselage panels near the “hot” 
zone of the inboard engine as well as 
other key points. 

For more information about stain- 
less steel and the contribution it can 
make to your design or marketing 
problems, see your stainless steel sup- 
plier or write ELECTROMET~—leading 
producer of over 100 alloys for the 
metal industries, including chromium 
and manganese for making stainless 
steels. ELECTRO METALLURGICAL 
CoMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, 
New York 17, N. Y. 


METALS DO MORE ALL THE TIME The new B-58 Hustler gets its strength with 
...THANKS TO ALLOYS light-weight stainless steel in new honeycomb 


construction! This design combines rigidity 


with resistance to heat and corrosion. 
FERRO-ALLOYS AND METALS 


UNION 


CARBIDE 


The terms “Electromet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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Fifth Southwestern Student Conference 
Sponsored by Texas Section, Four Aircraft Firms 


W. Carson Lyons, Jr., University of Texas, 
won first prize in the Graduate Division. 


William D. Oliver, University of Colorado, 
won the Undergraduate first prize. 


Gilford G. Quarles (left) conferring with 
R. J. Patton. 


T.. FirtH Southwestern Regional 
Student Conference was held in Fort 
Worth, April 25-27, in spite of the 
heaviest rains in 7 years in that area. 

Sponsored by the Institute’s Texas 
Section, the Conference opened formally 
on Thursday morning, April 25, with a 
welcoming address by R. J. Patton, 
Texas Section Chairman. E. W. Robis- 
chon, IAS Western Region Manager, 
represented IAS National Headquar- 
ters, and Ted Dansby, Student Paper 
Competition Chairman, outlined the 
program and judging procedures. 

Later, the first luncheon meeting was 
held for students, faculty members, and 
Section members. Bartram Kelley, 
Vice-President—Engineering, Bell Heli- 
copter Corporation, spoke on his firm’s 
accomplishments. He stressed the di- 
versity of problems that aircraft com- 
panies in general are facing and the dy- 
namic problem in helicopter work. 
After the luncheon the first group of 
undergraduate papers was presented. 

Both undergraduate and graduate 
papers were presented at Friday morn- 
ing’s session. H. F. Marx, Temeco Air- 
craft Corporation, and W. C. School- 
field, Chance Vought Aircraft, Inc., 
were cochairmen. 

Friday’s luncheon featured a_ brief 
description of activities at Temeo by I. 
N. Palley, Vice-President—Engineering. 
Included in his presentation was a 
series of humorous slides on the defini- 
tion of terms used in the aircraft and 
missile industries. ‘“‘The Engineering 
Personality’? was discussed by F. W. 
Davis, Chief Engineer, Convair, A Divi- 
sion of General Dynamics Corporation. 

Rk. C. Donovan of Chance Vought was 
Chairman of the Friday afternoon ses- 
sion which concluded the Student Paper 


Competition. The Conference con- 
tinued Friday night with the Annual 
Faculty-Industry Smoker, an open dis- 
cussion meeting. 

Areas covered were the need for 
teaching high school level material in 
some colleges, lack of high school science 
teachers, trade school training as op- 
posed to college preparatory training, 
and guidance programs. 

On Saturday students and faculty 
visited facilities of Temco, Chance 
Vought, Bell, and Convair, in that order. 
The field trip included a first-hand view 
of the B-58 Hustler and a flight demon- 
stration of the Bell 47J helicopter. 

G. G. Quarles, Scientific Consultant 
to the Army Ballistic Missile Agency, 
was guest speaker at the Honors Night 
banquet Saturday evening. He dis- 
cussed the potential for space travel and 
showed movies and slides of current 
Army missiles and proposed space ve- 
hicles. He discussed a variety of pro- 
pulsive methods. 

Mr. Robischon and Mr. Dansby pre- 
sented awards to winners of the Student 
Paper Competition. Graduate division 
first prize went to M. Carson Lyons, Jr., 
University of Texas, for his paper “The 
Design and Laberatory Evaluation of 
an Acceleration Insensitive Skin Fric- 
tion Balance.” 

W. D. Oliver, University of Colerado, 
won undergraduate first prize for his 
paper “The Development of Vacuum 
Evaporated Conduction Heaters for the 
Simulation of Aerodynamic Loads on 
Heated Structures.”’ 

Second and third prize winners were 
J. B. LeClaire, University of Kansas, 
and D. R. Moore, University of Texas. 

Tep Danssy, Chairman 
Student Paper Competition 


Students and faculty members visited Temco Aircraft Corporation's facility on a field trip. 
Other visits were made to facilities of Convair, Chance Vought, and Bell Helicopter. 
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Convair C-131B Flying 
Electronic Test Bed with 
Two Pod-Mounted “Mars” APU’s 


BUILT TO STAND PUNISHMENT 


Solar Aircraft Company engineers were faced with a problem... how to 
aerodynamically enclose the “Mars” gas-turbine engine auxiliary 
electric-power generating units (APU’s) to be mounted on Convair C-131B 
aircraft. The C-131B’s so fitted were to be used for the in-flight 
testing of advanced airborne electronic equipment. ne 
Housing the APU’s required an aerodynamic pod built in two parts 
with multiple compound curvatures and drastically sharp bends. 
The materials problem presented was complex. The material selected pdaate 
had to withstand . .. temperatures of 400 F or even higher... SECTION * 
contact with a special synthetic lube fluid for the turbine engine... aii 
high lead content exhaust fumes... ground handling abuses... a2" 
aerodynamic wind loads... and severe abrasion because the pod 


0.250” THICK 


was to be mounted only 12 inches above the runway. 7 one na 
(25 LAYERS) 


The material that satisfied all these requirements? 
Conolon 506! Pods were assembled of this highly-formable 
Conolon 506 on low cost tooling and weighed less than 
83 pounds each... another illustration of how Narmco’s 
high performance products are doing jobs every day 
that metals alone can’t do. 


140” 


FINISH WITH 
BASIC THICK FINISHED IN HIGH ALUMINUM 
TEMP ENAMEL LACQUER 


PIONEERING THROUGH RESEARCH 


Los Angeles... Seattle... Fort Worth... Dayton... Tulsa... Philadelphia... Toronto 


EXHAUST AREA FILLER PRIMER & 
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A TOTAL OF 19 technical papers from 


five midwestern colleges were entered in 
the St. Louis Regional Student Confer- 
ence, April 24-26. The Institute’s St. 
Louis Section was Conference sponsor. 

Six winning papers were selected and 
delivered at the Student Paper Compe- 
tition on April 25. First prize went to 
Gary Griffith, University of Kansas, for 

“A Comparison of External and Internal 
Compression Inlets With Respect to 
Pressure Recovery.” 

Nancy L, Smith of the University of 
Kansas won second prize for her paper 

Calculation of Boundary-Layer Char- 
acteristics for a Two-Dimensional Super- 
sonie Wind-Tunnel Nozzle.”’ 

Third prize was awarded to Donald D. 
Campbell, University of Wichita, for 
“The Free-Stream Static Pressure Error 


McDonnell Aircraft Corporation. 


winners of the Student Paper Competition durin 
Winners from left to right are Albert W. Black, 
University of Michigan; James Bede, University of Wichita; Mr. Sheple vy. Nancy L. Smith, 
University of Kansas; Gary Griffith, Kansas; and Donald D. Campbell, 


St. Louis Section Sponsors Regional Student Conference 
19 Technical Papers Entered; 150 Attend Awards Banquet 


iia Night speaker Ethan A. H. er, Chancellor, Washington University, and 


ge e St. Louis. Regional Student Conference. 


ashington ey Joseph Tsu Chieh Liu, 


ichita. 


ata Single Flush Orifice in a Sinusoidally 
Waved Wall.”’ 

Honorable mention and best oral 
presentation prizes went to James Bede, 
University of Wichita, for his paper on 
“Steam JATO.”” Other honorable men- 
tion prizes were won by Albert W. 
Black, Washington University, for ‘An 
Electrical Analog for Heat Conduction” ; 
and by Joseph Tsu Chieh Liu, Univer- 
sity of Michigan, for ‘‘Supersonic Flow 
Over Inclined Slender Bodies of Revolu- 
tion With Magnus Effect.”’ 

Some 50 students, faculty members, 
and St. Louis Section members attended 
this competition. 

Awards and travel and living expenses 
were provided by the Minta Martin 
Aeronautical Student Fund and_ the 
following firms: Aero Engineering Co.; 


Allison Division, General Motors Cor- 
poration; Emerson Electric Manu- 
facturing Co.; General Electric Com- 
pany; Harris-Hanson Co.; McDonnell 
Aircraft Corporation; Sverdrup & Par-~ 
cel, Inc.; and Westinghouse Electric 
Company. 

Some 150 guests attended the Honors 
Night Banquet and Awards Dinner on 
April 25 at Schneithorst’s Restaurant. 
Toastmaster was S. N. McDonnell of 
McDonnell Aircraft. Kendall Perkins, 
Vice-President—Engineering, McDon- 
nell, and John I. Parcel presented 
awards to winners. 

Ethan A. H. Shepley, Chancellor, 
Washington University, spoke on ‘‘Edu- 
cation in a Period of Technological 
Growth.”’ 

The Conference closed April 26 with 
visits to facilities of McDonnell Aircraft 
Corporation and the Emerson Electric 
Company. 

Schools and participants in the Stu- 
dent Paper Competition were: Uni- 
versity of Kansas—Jim Hull, Carl Kulp, 
Paul McWilliams, Jr., Leonard Rohr- 
bough, Richard Davis, Gary Griffith, 
Nancy L. Smith, Gretchen Zimmerman, 
Abraham Gallas, Ronald Herman, 
Robert Huston, and Ronald Wheeler; 
University of Kentucky—J. D. Igle- 
heart; University of Michigan—RBert 
Hilburger and Joseph Tsu Chieh Liu; 
Washington University—Thomas Litt- 
man and Albert W. Black; University 
of Wichita—Donald Campbell and 
James Bede. 

Arrangements for the Conference 
where handled by the St. Louis Section 
Educational Committee and its Chair- 
man P. T. Homsher. 


T. HOMSHER 
Chairman, [Education Committee 


Left: James Bede, University of Wichita, is shown delivering his paper on “Steam JATO" complete with mock-up at the St. Louis Regional 
Student Conference. _ He won an honorable mention and the best oral presentation prize. 
ticipated. Right: Nancy L. Smith accepts second prize in the Student Paper Competition from Kendall Perkins,’ Vice-President—Engineering, 
She is a student at the University of Kansas. aes. 


Nineteen students from five different colleges par- 
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For high-streneth 


bonds between 


metal — 


plastic 


rubber 


Because of its remarkably high strength 
and resistance to vibration, Epon ad- 
hesive bonding is replacing expensive 
welding and riveting operations in many 
aircraft applications. 


Because they contain no solvents, Epon 
adhesives permit immediate assembly of 
nonporous parts. Contact pressure alone 
is all that is required to form sound, 
strong bonds. Surfaces need not be 
machine-finished before bonding, and 


glue lines need not be uniform. Air-relief 
drilling is never required. 


For your specific needs, 
two standard formulations are: 


EPON ADHESIVE VI: General purpose, 
high-strength adhesive will cure at room 
temperature or slightly above. 

EPON ADHESIVE Vill: High strength, ca- 
pable of withstanding moderately high 
service temperatures. Will cure in 90 
minutes at 200° F. 


SHELL CHEMICAL CORPORATION 
CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Atlanta + Boston +» Chicago +» Cleveland + Detroit « Houston + Los Angeles 
IN CANADA: Chemical Division, Shell Oil Company of Cancdc, Limited » Montreal « 


* Newark + New York + San Francisco « St. Lovis 
Toronto + Vancouver 
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permit instant assembly of components 


Epon adhesives have been used success- 
fully in bonding metal, plastics, rubber 
and wood for bomb-bay doors, jet fuel 
tanks, structural joints, honeycomb wing 
sections, primary aircraft structure, and 
other aircraft applications. Can Epon 
adhesives solve an assembly problem for 
you? Write us about your problem and 
we'll send information and samples. 


(Epon resins are the epoxy polymers made 
exclusively by Shell Chemical Corporation) 
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Four Schools Compete for Technical Paper = "e Ramo-Wooldridge Corporation 


Awards at Indianapolis Regional Student 


Is New Corporate Member 


The Ramo-Wooldridge Corporation of 


: Los Angeles is the 151st Corporate Member 
Conference 


Second Annual Indianapolis 
Regional Student Conference was held 
April 8 during a snowstorm through 
which 65 members and students fought 
their way to Purdue University’s Stu- 
dent Union Building, West Lafayette, 
Ind. 

In spite of this unseasonable weather, 
some 50 conference participants visited 
Purdue's Aeronautical School, where a 
demonstration of cascaded airfoils in a 
smoke tunnel was seen. 

The Student Paper Competition, 
sponsored by the IAS Indianapolis Sec- 
tion, featured contributions from the 
Aeronautical University, Kent State 
University, Tri-State College, and Pur- 
due. 

R. C. Binder, Vice-Chairman, In- 
dianapolis Section, presided over the 
dinner meeting at which Paul E. Stanley 
presented awards for the winning papers. 
Dr. Stanley is Professor of Aeronautical 
Engineering at Purdue. 

Three winners were announced. First 
prize went to David L. Clingman, 
Purdue; second to Richard C. Burnell, 
Kent State, and third prize was won by 
Thomas L. Kinsel, Aeronautical Uni- 
versity. 

Mr. Clingman delivered a paper on 
“An Experimental Determination of the 
Effects of Slotted Blades in Cascade 
Flow and Possible Application to Delay 
of Rotating Stall in Dual Flow Com- 


in the Institute. The firm’s address is 
5730 Arbor Vitae Street, Los Angeles 45, 
Calif. 

Ramo-Wooldridge conducts research, 
development, and manufacturing opera- 
tions in the field of electronic systems for 
commercial and military applications and 
in the field of guided missiles. 

In the missile field the firm has responsi- 
bility for overall systems engineering and 
technical direction of the Intercontinental 
and Intermediate Range Ballistic Missile 
programs for the Air Force. In addition, 
the company conducts a program of basic 
research in aerodynamics and propulsion, 


Institute Continues Growth: 
28th Section Formed in Kansas City 


Another mark was added to the In- 
stitute’s scale of growth with the forma- 
tion of a Kansas City Section by IAS 
members in that area. 

The twenty-eighth Section of the 


David L. Clingman, Purdue University, Institute was organized by a_ steering 
first-prize winner. committee headed by R. P. Kroon, Diree- 

tor of Research, Aircraft Gas Turbine 

pressors.”” Mr. Burnell’s paper was Division, Westinghouse Electric Corpora- 


tion. Mr. Kroon was toastmaster at the 
initial meeting on May 15. 
Elected to the Advisory Board were 


*“Jet-Engine Noise Suppressors.” 
Robert Goulard, Purdue Graduate 


School, concluded the competition with Mr. Kroon, R. W. Rummel, A. S. Andes, 
“A Survey of Hypersonic Aerody- and V. V. Schloesser. 

namics” in which he explained some of Officers elected were Chairman-—-H. F. 
the problems encountered at high speeds Faught, Manager, Advanced Develop- 
and high temperatures. He also dis- ment, AGTD, Westinghouse; Vice-Chair- 
cussed how they complicate standard mee M. B. Fannon, Assistant Director, 
aerodynamic solutions of fluid flows. Flight Operations, Trans World Airlines; 


Secretary—J. R. MacPherson, Section 


James B. CaniLy, Acting Secretary Engineer, Installation, AGTD, Westing- 


Indianapolis Section house; and Treasurer—Paul A. Hartline, 
Supervisor, Mechanical Engineering, 
TWA. 


Applied Mechanics Congress 
Invites Research Papers 


Brown University has announced that 
the Third U.S. National Congress of 
Applied Mechanics will take place June 
11-14, 1958, at its Providence, R.I., 
campus. 

Congress officials have invited all 
research workers in the field to submit 
original experimental or theoretical con- 
tributions (in the form of papers) on 
applied mechanics, including mechanics of 
rigid bodies and deformable solids, me- 
chanics of fluids and gases, thermodynam- 
ics, and heat transfer. 

Complete papers and manuscripts must 
be submitted to the Chairman of the 
Editorial Committee before January 1, 
1958: to be scheduled for presentation the 
final manuscript must have been accepted 
before May 1, 1958. 

Papers will be grouped by subject, and 
30 min. will be allotted for presentation 
and discussion of each paper. Inquiries 
may be addressed to Daniel C. Drucker, 
Secretary, Applied Mechanics Congress, 
Brown University, Box D, Providence 12, 
RI. 


Rear Adm. Delmer S. Fahrney, USN (Ret.), an Associate Fellow of the Institute (right), 
was the recipient of his second Legion of Merit medal for outstanding work in the develop- 
ment of experimental aeronautical equipment during World War Il. His work resulted in a 
combat-equipped radio-controlled Assault Drone. Rear Adm. Ephraim R. McLean, Jr., 
Commandant, 4th Naval District, congratulated Admiral Fahrney at the District Headquarters 
where he is employed in a civilian capacity for the Naval Air Material Center. 
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WITH AN INTEGRATED BENDIX LANDING GEAR SYSTEM 


When landing, taking off or just taxi- 
ing, safety depends upon the unfailing 
teamwork of everything that makes up 
the landing gear system. 

Retractor actuation, control valves, 
nose wheel steering, power braking, as 
well as wheels, brakes and shock- 
absorbing struts—even tires—these are 
the things that make up the complete 


Bendix tivisiox South Bend, wo. 


landing gear system. And it is vital that 
all components function together with 
split-second accuracy and efficiency. 
That is why Bendix* specializes in 
complete and integrated landing gear 
systems. For, components that have 
been designed and engineered to work 
together give better and more depend- 
able performance than any arbitrarily 


AVIATION CORPORATION 


assembled system. The components 0! 
a Bendix landing gear system are 
engineered as a matched set, then 
tested and tuned to work together like 
a trained crew. 

So, when it comes to gear for landing, 
think and plan in terms of a complete 
landing gear system. Then we suggest 
you think of Bendix and Bendix} 
Products Division at South Bend, Ind. 


*TRADEMARK 
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EMARK 


> Roy H. Heald (AF) of the National Bu- 
reau of Standards Fluid Mechanics Sec- 
tion, Mechanics Division, has been 
awarded the Department of Commerce 
Silver Medal for Meritorious Service for 
“long and distinguished service in the 
field of missile aerodynamics.” 


| Members on the move... . 


i This section provides information con- 
| cerning the latest affiliations of IAS} 
| members. All members are urged to | 

notify the News Editor of changes as || 
soon as they occur. | 


Harry M. Baldwin (A) has joined United 
Aircraft Corporation, Pratt & Whitney 
Aircraft Division, Florida, as General 
Foreman, Quality Control. He had held 
the same position in the Lycoming Divi- 
sion, Avco Manufacturing Corporation. 


Eugene L. Brickman (M), who was a 
Design Engineer at Anderson, Greenwood 


& Co., is now a Senior Test Engineer at 
Chance Vought Aircraft, Inc., Dallas, 
Tex. 


Monroe R. Brown (M), Engineering 
Personnel Administrator, Wright Aero- 
nautical Division, Curtiss-Wright Corpo- 
ration, has been promoted to full Colonel 
in the Air Force Reserve. 

Robert V. Brulle (M), formerly an Air 
Force Captain and Associate Professor of 
Aeronautical Engineering, Air Force In- 
stitute of Technology, Wright-Patterson 
AFB, has joined McDonnell Aircraft 
Corporation as Senior Engineer, Missile 
Aerodynamics 

Charles E. Burns (M) has been named 
Manager, Aircraft and Missiles Depart- 
ment, Project Development Division, The 
Ralph M. Parsons Company. He had 
been Military Sales Representative, Lock- 
heed Aircraft Corporation. 


John B. Clark (A), Assistant Chief, En- 
vironmental Protection Branch, ARDC 
Aeronautics Division, has been promoted 
to the rank of Ist Lieutenant at the Air 
Force’s ARDC Headquarters. 


Joseph H. Clarke (M), formerly Assist- 
ant Professor of Aeronautical Engineering, 
Polytechnic Institute of Brooklyn, has 
joined Brown University as Associate Pro- 
fessor, Division of Engineering. 


Clarence B. Cohen (AF) has joined the 
Guided Missile Research Division, The 
Ramo-Wooldridge Corporation. Dr. 
Cohen had been Associate Chief, Special 
Projects Branch, Supersonic Development 
Division, NACA, Cleveland, Ohio. 


Lt. Gen. Laurence C. Craigie, USAF 
(Ret.), an IAS Vice-President and Asso- 
ciate Fellow, has been elected to the 
Board of Directors of Associated Missile 
Products Corporation, Pomona, Calif., a 
Machine & 


subsidiary of American 
Foundry Company. 


Craig H. Edwards (M), who was Man- 
ager, West Coast Sales and Service, New 
York Airbrake Company, has joined The 
Weatherhead Company as West Coast 
Sales Manager for aircraft and ordnance. 

Lester J. Henderson (A), formerly Gen- 
eral Sales Manager, Special Products Di- 
vision, The Weatherhead Company, has 
joined Republic Manufacturing Company 
as Vice-President in charge of Sales. 

Richard E. Horner (M), former Tech- 
nical Director of the Air Force Flight Test 
Center, Edwards AFB, has been nomi- 
nated by President Eisenhower to be an As- 
sistant Secretary of the Air Force. 

Comdr. Harry J. Huester (M), has been 
transferred from Jacksonville Naval Air 
Station, Aeronautical Engineering Depart- 
ment to the Naval Air Material Center, 
Philadelphia Navy Yard. 

Thomas J. King, Jr. (A), formerly an 
Aeronautical Research Scientist, NACA, 
Langley, has joined Temco Aircraft Corpo- 
ration as Senior Engineer in Aerodynam- 
ics. 

Nelson Kling (M), formerly Chief Engi- 
neer, Arkwin Industries, Inc., has joined 
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Eastern Aircraft Products Corporation, a 
subsidiary of Weatherhead Company, as 
Chief Design Engineer. 

Lloyd G. Ludwig (M) has left Douglas 
Aircraft Company, Inc., to join the Guided 
Missile Division, The Ramo-Wooldridge 
Corporation. He had been a Research 
Engineer at Douglas. 

Donald H. McClelland (A), Aeronauti- 
cal Engineer, has joined the Guided Mis- 
sile Research Division, The Ramo-Wool- 
dridge Corporation, Los Angeles, Calif. 

Charles W. Miller (M), who was a Pre- 
liminary Design Engineer at Northrop 
Aircraft, Inc., has joined the Guided Mis- 
sile Research Division, The Ramo-Wool- 
dridge Corporation, Los Angeles, Calif. 

J. O. Montanaro (M), has left his posi- 
tion as Senior Technical Officer, National 
Aeronautical Establishment, Ottawa, to 
join the Kaman Aircraft Corporation, as 
Staff Engineer. 


Michael K. Rastiello (A), former Aero- 
dynamics Specialist, Consultants and De- 
signers, Inc., is an Aerodynamics Engineer 
with North American Aviation, Inc., Co- 
lumbus Division. 

Richard W. Sanford (M), Chairman of 
the IAS Baltimore Section and previously 
Chief Engineer and Director of Engineer- 
ing, Aircraft Armaments, Inc., has been 
elevated to Vice-President and Director 
of Engineering for his firm. 

(Continued on page 78) 


Necrology 


Emerson C. Briggs 


Word of the death of Emerson C. Briggs 
(M), on May 8, has reached the Institute. 
Mr. Briggs, 43, was a Stress Analyst for 
Kaman Aircraft Corporation. 

Born in Albion, N.Y., he obtained a 
degree in Aeronautical Engineering from 
the University of Minnesota in 1939. 
In November of that year he joined the 
Glenn L. Martin Company as an Inspector 
of major assemblies. He also was a 
Junior Stress Analyst for Bell Aircraft 
Corporation, which he joined in May, 
1941. 

Later in 1941 he became Project Weights 
Engineer for Bell, working on the XP-77 
until 1945 when he held the same position 
in connection with the Model 47 helicopter. 

Mr. Briggs joined Kaman in 1951 as 
Senior Stress Analyst. Besides his mem- 
bership in the IAS, he also was a member 
of the American Helicopter Society. 


John A. Eubank 


The Institute mourns the loss of John A. 
Eubank (M), an attorney who had spent 
some 25 years in close association with 
aeronautical jurisprudence before his 
death in Jamaica, Long Island, on June 18. 

He was born in Baltimore and educated 
at St. Lawrence University and Brooklyn 
Law School where he was Professor of 
Aeronautical Law for 16 years. 

Mr. Eubank was a recognized authority 


on aeronautical law and conducted three 
national symposiums on it in 1933, 1938, 
and 1946. He received the Aeronautical 
Progress Award for his work. 

He had served as Chairman of the 
Committee on Aeronautical Law of the 
Federal Bar Association of New York, 
New Jersey, and Connecticut. He was a 
former governor of the Aircraft Industries 
Association; a member of the National 
Aeronautic Association and the Soar- 
ing Society of America; and had been 
an Historical Associate Fellow of the IAS. 
Mr. Eubank also was the author of a three- 
volume work, Aeronautical Jurisprudence. 

He was the author of resolutions 
“Reaffirming the Doctrine of Sovereignty 
in Airspace’ and the ‘Principle That the 
Use of the Airspace in International Air 
Navigation Must Be Based on_ Inter- 
national Agreement.” 


Lt. Almos E. Land 


The Institute has received news of the 
death of Lt. Almos E. Land (A), USAF, in 
an aircraft crash in Japan on May 8. 
Lieutenant Land was 25. 

A native of Clewiston, Fla., he entered 
the Air Force in 1955. Prior to his military 
service, he was an Associate Engineer, 
Flight Test Design, for Lockheed Aircraft 
Corporation’s Georgia Division. 

Lieutenant Land was an aeronautical 
engineering graduate of the Univeristy of 
Florida. 
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SINGLE BusHING TyPeE Floating Ring Seal 


Seal Any Medium—Even Corrosive Media 
«ee with Koppers Floating Ring Seal 


FLoatinG RING SEAL _ Basic 
Elements: Lantern Ring, Floating 
Ring, and Spacer Diaphragm. As 
sealing needs dictate, floating rings 
and spacer diaphragms are added. 
Seals are carbon, plastics, ceramics 
or steel, as applications require. 


KOPPERS 


Engineered Products sold with Service 


The Only “No Maintenance” 
Seal for Rotating, Oscillating 
and Reciprocating Motion 


Koppers’ precise, efficient Floating Ring 
Seal assures long seal life, low leakage, 
reduced wear, less power consumption, 
and decreased operating costs. 

It seals at high temperatures and at 
pressures up to, and for some conditions 
even above, 2000 psi. Inspection has 
shown that after 10,000 hours of opera- 
tion, ring and spindle wear can be 
negligible. For water at 500° F. and 1200 
psig with a °%” spindle, leakage is only 
one to two pounds per hour. Frictional 
power requirements are virtually zero, 
and Koppers’ design reduces radial 
frictional restraint. Sealing members 
adapt to changes in the shaft’s position. 

Applicable to valve spindles, pumps, 
atomic reactor spindles and many other 
similar installations, Koppers Floating 
Ring Seal gives efficient, low-cost service 
for the sealing of all types of fluids under 
widely varying conditions of temperature 
and pressure. 

For additional information, write to: 
Koprers Company, Inc., Piston Ring 
and Seal Department, 2208 Hamburg 
Street, Baltimore 3, Maryland. 


MECHANICAL 


SHAFT SEALS 
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New Melt Method Defeats 
AL-13 Susceptibility to Gases 


@ ‘Treating AL-13 Alloy With Potas- 
sium Zirconium Fluoride and a Stream 
of Nitrogen,” a 1955 Soviet paper by 
L. O. Sokolovskiy and A. G. Kapalin, 
describes a new melting method to over- 
come the susceptibility of AL-13 to high 
gas contents, especially hydrogen. The 
authors state that AL-13 castings are 
used in machinery plants because of 
their high resistance to corrosion com- 
bined with the simple processing re- 
quired. The new melting method in- 
volves use of an already-allowed 
charge, rapid melting, optimum melting 
and pouring temperatures, suitable 
treatment with a molten A».ZrF, flux, 
and a stream of nitrogen. With the use 
of this method, costs were about 10 to 15 
per cent higher than with the previous 
practice, but sounder castings with 
higher strengths and ductilities were ob- 
tained. 

The evidence would indicate that the 
former foundry practice was not suitable 
for this grade. The properties obtained 
with the new melting method are similar 
to normal expectancy for the equivalent 
U.S.A. grade (B 214). 

It is agreed that this grade has a 
strong tendency to absorb hydrogen, as 
well as to form oxides and dross. Care 
ful melting practice especially 
proper temperature control are, there- 
fore, needed to obtain satisfactory cast- 
ings. Various fluxes are used for treat- 
ing the molten metal; among the most 
common are chlorine gas, nitrogen gas, 
various chlorides, and proprietary com- 
positions. The experts, however, all 
stress that a flux is not always necessary 
when proper melting practices are used. 
Hence, when a flux is used, it should be 
considered as a supplement to good 
melting and handling practices and not 
as an agent to offset the effects of other- 
wise inferior foundry techniques. 


U.S.S.R. Book on Cosmic Rays 
Seen of Interest to 10,000 


@ A book on cosmic rays—intended for 
physicists who are not specialists in the 
subject, postgraduate students, and 
students in physics departments—was 
recently published in the U.S.S.R. The 
book is written by N. A. Dobrotin and 
covers only the most essential problems 
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in the field without going into detail 
concerning experimental arrangements. 
However, it presents a fairly complete 
picture of the phenomenon of the pas- 
sage of high-energy particles through 
matter, including electron-nuclear show- 
ers and nuclear-cascade processes. 

Cosmic-ray physics is one of the most 
rapidly developing branches of modern 
science. Many of the discoveries of new 
particles, such as the positron and vari- 
ous mesons, were first made in cosmic- 
ray experiments. It is in the cosmic 
rays that high energies (up to one bil- 
lion volts) are supplied by nature. 
Man-made energies of this order can be 
produced only by large accelerators and 
at enormous expense. 

For a number of vears the Soviets 
have spent considerable time in funda- 
mental research work in the field of cos- 
mic rays. It is in keeping with the 
philosophy of the Soviets to spend a 
considerable amount of their effort in 
basic research. Furthermore, experi- 
ments with high-energy particles pro- 
vide one approach to a knowledge of the 
nucleus. 

One of the significant things about the 
book is the fact that this edition called 
for 10,000 copies. This might be con- 
sidered an indication of the number of 
persons in the U.S.S.R. who are at a 
sufficiently high level to read the book 
and have an interest in it. 


Superior CO. Absorption 
Claimed for India Material 


@ A material which absorbs carbon di- 
oxide rapidly and efficiently has been 
developed by the Fuel Research Insti- 
tute, Jealgora, India. According to the 
inventors, the material, called Lisasorb, 
has practical application in the design of 
respirator devices for protection against 
toxie gases or for use in atmospheres not 
suitable for humans because of oxygen 
shortage. It also is recommended for 
closed breathing systems which have 
oxygen available and in which the car- 
bon dioxide produced must be absorbed. 

Lisasorb consists essentially of fixing 
soda lime on a kieselguhr-alumina (infu- 
sorial earth and aluminum oxide) base 
under defined and controlled conditions. 
The main materials required are burned 
lime, caustic soda, and kieselguhr. The 
material has low resistance to airflow, 
low temperature rise due to absorption, 


and does not readily disintegrate or 
agglomerate. It also has little alkali or 
other materials which may affect the 
rubber in gas mask assemblies. Lisasorb 
was far superior to the standard im- 
ported absorbents tested at the Fuel 
Research Institute. 

Carbon-dioxide absorption materials 
are probably more practical in closed 
ventilation systems such as in mines, 
interiors of large buildings, or pressur- 
ized compartments (aircraft cockpits) 
than in open areas. However, gas masks 
would undoubtedly afford greater pro- 
tection and increased breathing ef- 
ficiency if this principle of absorption 
were incorporated in their structure. 
Further, leakage in gas masks around 
outlet valves would be eliminated. 


Cutting Tool Ceramic Tips 
Soldered by Soviet Process 


@ According to a recent article in the 
Soviet magazine, Tekhnika-Molodeshi, 
the U.S.S.R. has devised a method for 
soldering ceramic tips to the metal 
shanks of cutting tools. The article 
states that the Soviets have built a 
special vacuum unit in which the tips 
can be metallized. A paste containing 
titanium is placed on the tool and cov- 
ered with thin copper foil. The tip is 
then clamped to the tool, placed in a 
drip pan, and loaded into the vacuum 
unit in which a vacuum of 0.01 mm. of 
mercury is created. (The vacuum is 
necessary to prevent the oxidation of 
the copper.) The foil melts at a tem- 
perature of 1,150° to 1,180° and spreads 
out over the surface of the tip and into 
its pores. The Soviets claim that the 
titanium facilitates the penetration of 
the copper into the ceramic. They also 
claim that the tips soldered in this man 
ner are three to four times as strong as 
tips fastened by other methods and that 
the tips can be ground seven or eight 
times or until the tip is almost com 
pletely used up. 

If this process is satisfactory, the 
Soviets have solved one of the major 
difficulties in the preparation of ceramic 
tools. Ceramic tips used at the present 
time are held by mechanical fasteners 
(which are unsuitable and clumsy) be 
cause there is no known method for 
soldering or cementing them to the 
metal shanks. 
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HIGH-STRENGTH ALUMINUM CASTINGS 


YOU FLY THE CASTING, NOT THE TEST BAR 


The designer gets guaranteed strength at the critical 
areas he selects in castings of Ductaluminum 356. 
And this strength is guaranteed in the casting, not 
the test bar. Result: Stronger castings without a 
weight penalty. 

Production at Brake Shoe’s new aluminum foundry 
in Mahwah, New Jersey, is devoted to aircraft and 
missile parts. Improved methods, developed in two 
years of pilot production, have given higher quality 
castings in both high-strength and commercial grades. 
Reliable casting soundness substantially eliminates 


the reject problem for customers who have switched 
to Brake Shoe. For more information on aluminum 
castings by Brake Shoe, write for our booklet ““Ducta- 
luminum 356.” 


GUARANTEED PROPERTIES 
IN HIGHLY STRESSED AREAS 
T.S., psi Y.S., psi %El. 


Ductaluminum 356T........... 38,000 28,000 6 
Ductaluminum 356S........... 42,000 35,000 3 
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Growth of Versatile AN-2 
Discussed by O. K. Antonov 


@ An article in a recent British publica- 
tion reported on an interview with 
Soviet aircraft designer O. K. Antonov. 
During the interview Antonov dis- 
cussed the development of the AN-2. 
He said that the first model, designated 
the SKh-1, was intended for purely agri- 
cultural use and made its first flight in 
1947. The prototype was powered by a 
630-hp. ASh-21 engine, and the early 
production models were powered by 
this engine or by the 1,000-hp. ASh-62 
IR. Antonov said that the SKh-1 was 
highly successful and that, now known 
as the AN-2, it is used for a wide variety 
of jobs in addition to agricultural use. 

Mass production of the AN-2 was 
undertaken at Kiev, where several ver- 
sions have been built. One of these is 
the AN-2ZA (which, he said, bears the 
design bureau designation AN-4) orig- 
inally intended for high-altitude mete- 
orological work. Antonov claimed that 
this variant established a world altitude 
record for its class in 1954 by attaining 
36,903 ft. He described the AN-2V 
(design bureau designation AN-6) as a 
twin-float seaplane version and said that 
it is in large-scale production. Antonov 
said that the latest version is an artillery 
spotter with twin fin-and-rudder and a 
single-gun tail turret. 

Photographs of an AN-2 with a 
canopy just ahead of the tail and a tur- 
bosupercharger have been seen. It is 
presumed that this variant is the AN- 
2ZA. 


Soviet Oxygen Mask Good 
for 2 Hours Maximum Operation 


@ The Soviet KIP-5 oxygen mask is a 
closed breathing system designed for 
protection against chemical agents capa- 
ble of penetrating filtration-type mask 
assemblies. The complete system weighs 
less than 20 Ibs. 

Components of the system include an 
oxygen tank for compressed oxygen, a 
regenerative cartridge which removes 
carbon dioxide from exhaled air, and a 
breathing bag in which oxygen is mixed 
with the exhaled air. The basic parts of 
the mask assembly include a facepiece 
with inlet and outlet connecting hoses, a 
safety valve on the breathing bag, a 
lower connecting case, an oxygen-supply 
regulator, and the assembly housing. 

The regenerator cartridge will last for 
2 hours of continuous operation, and the 
oxygen supply is sufficient for 45 to 60 
min. However, the oxygen tank can be 
exchanged during operation, whereas the 
regenerator cartridge cannot. 

The oxygen regulator can be set for 
predetermined pressure settings for sup- 
plying oxygen to the bag. An automa- 
tic compensating device will permit an 
increased amount of oxygen to the bag 
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if more is needed by the wearer. 


This 
device is activated by deeper breathing. 

Although this mask is too expensive 
and too complicated for use by all 
ground forces, it would certainly be 
used by the chemical decontamination 
squads and CW detection units. 


Sweden's J-35 Dragon 
Being Produced in Quantity 


@ The SAAB Aircraft Company has 
announced officially that the J-35 is in 
quantity production ‘‘with deliveries to 
the Air Force scheduled within the 
next few years.” 

During a recent demonstration, the 
Dragon made several low-altitude, high- 
speed runs and showed ‘‘considerable 
supersonic speed’’ in level flight at 
about 23,000 ft. 

All-up weight of the Dragon is 8-9 
tons, depending upon armament. 


Antonov “Leading Designer” 
of New Soviet Turboprop Liner 


@ The March 9, 1957, issue of a Soviet 
aviation magazine contained an article 
entitled ‘‘The Aircraft ‘Ukraine’ in the 
Air.” 

The article stated that Ukraine is the 
name of the new Soviet passenger 
turboprop aircraft and that ‘‘the other 
day it started on the first flight test.” 
Further, it stated that Nikolai Stepano- 
vich Trunchenkov, of the O. K. Antonov 
design bureau, was the “leading de- 
signer’’ of the new aircraft. 

In closing the article stated: 

“First of all, it surprises us with the 
dimensions of the wide and rather 
spacious, all-metal fuselage over which 
are stretched long narrow wings. On 
these are four turboprop engines. In 
spite of their great horsepower, the 
engines appear to be miniature and 
compact. They operate on low-grade 
fuel and consume by far less than 
turbojets. From Kiev to Moscow it 
takes one hour of flight. The aircraft 
has a relatively low landing speed. It 
can take-off and make a landing on 
ordinary soil aerodromes.”’ 

Antonov has stated publicly that his 
bureau was engaged in the design of a 
new transport powered by four turbo- 
prop engines. Also, an aircraft bearing 
the name Ukraine on the side, and 
credited to Antonov, was shown in a 
photograph released by Pravda. The 
photograph revealed that the fuselage 
was quite large, and the caption indi- 
cated the cruise speed as about 325 knots. 
Inasmuch as the distance between 
Kiev and Moscow is about 400 nautical 
miles, a normal flight should take longer 
than the | hour (even considering wind 
effect) stated in the magazine, or—if not 
—the cruise speed is higher than the 325 
knots reported, a fact which is con- 
sidered doubtful. 


New Fueis, Jet Progress 
Debated by Soviet Designer 


@ Professor V. M. Myasishchev, a 
Soviet aircraft designer of some note, 
recently wrote an article entited ‘‘Leav- 
ing Time Behind,’ in which he has 
attempted to encompass the progress 
that has been made and that eventually 
will be made in the development of air 
frames, engines, and fuels in the 
U.S.S.R. The article is flavored with a 
few statements on the feasibility of 
space flight and also the estimated 
time period in which man will conquer 
space. 

The improvements made in jet engines 
appear to be of major importance in the 
article, and specific examples of present 
and future engines are given. Converti- 
plane and VTO applications are men- 
tioned in conjunction with the engines 
to give a more vivid example of the high 
thrust-to-weight ratios attained when 
jet engines are utilized. The author 
mentions the possibility of supersonic 
speeds with this type of aircraft. 

Reduction of the weight and volume 
of aircraft fuel by increasing its heat- 
producing capacity is also an important 
part of the article. Introduction of 
powdered aluminum, magnesium, or 
other metals into conventional fuel 
(slurries) is one method of increasing 
the heat-producing ability of the fuel. 
Another trend in the evolution of high- 
heat fuels is the development of the 
boron-hydrazene compound penta- 
borane. Because of its high rate of 
combustion, pentaborane makes it possi- 
ble to reduce the length of the combus- 
tion chambers and thus reduce the 
engine size, according to the author.. 
Professor Myasishchev states, *‘The de- 
sign of engines operating on higher en- 
ergy fuel appears to be the transition 
link from modern aircraft to those util- 
izing nuclear fuel.” 

Professor Myasishchev states also 
that the introduction of little known 
metals in aircraft (titanium, tantalum, 
molybdenum, niobium) is necessary 
due to the increasing temperatures and 
stresses encountered in high-speed flight. 
Because of these extreme conditions, 
“scientists of all countries work persist- 
ently to create new heat-resistant alloys 
capable of meeting the requirements of 
jet aviation.” 


NEXT MONTH 


The September issue of the Re- 
view will include the IAS Roster 
of Members. It will also com- 
memorate the Institute’s 
Twenty-Fifth Anniversary. 
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EDITORIAL 


SIXTH ANGLO-AMERICAN CONFERENCE 


Before the next issue of the Review comes off the presses, over 100 delegates of the Institute 
(accompanied by wives and children, a total of over 140 for the entire party) will be on the way to England 
by land, sea, and air for the Sixth Anglo-American Conference (RAeS-IAS). For many of the group, the 
score will be ‘'six-out-of-six.” A surprising number has made all previous Conferences—London, 1947; 
New York, 1949; Brighton, 1951; London, 1953; and Los Angeles, 1955. Out of these exchanges have 
come many lasting personal and professional contacts. The Sixth will be no exception. 


It is of interest to note that the present heads of both the leading technical and scientific societies of the 
English-speaking nations are outstanding aeronautical industrialists. They have much in common. Each is 
young, dynamic, and at the peak of his career. Each heads one of the largest and most successful 
aircraft manufacturing concerns in his own country. Obviously they are both very busy men. 


And yet, both Sir George Edwards and Mundy Peale are devoting a large amount of interest and 
energy to their respective scientific societies. It is certainly not for kudos—each has attained enough of such 
intangibles, and to spare. Their interest stems rather from their own engineering and technical backgrounds. 
They both came up via the technical side of aviation. 


They are each aware of the staggering scientific and engineering requirements of this fast-moving 
aircraft and missile business, and they recognize the great contributions that are being made by our two 
scientific societies toward meeting those requirements. It is to help direct the capabilities of the 
two Societies in promoting the interchange of essential information among engineers and scientists of our 
two countries that they are willing to devote time from their busy lives to the problems of the RAeS and 
the Institute. We are fortunate indeed that this recognition exists and that men of the caliber of Edwards 
and Peale lead the two delegations to the Sixth Conference. 


For those who have attended other Conferences, we have no need to speak. You will be going back to 
meet old friends in an atmosphere of relaxed friendship. To those attending your first Conference we 
can assure you that you will enjoy it and will find it most profitable. Our “opposite numbers” in Britain 
pride themselves on their hospitality, and all arrangements are in good order for the comfort and 
convenience of our delegates. One word of caution. The planned program is a full one, and its 
successful operation depends on the cooperation of all concerned. If your plans as a delegate change in 
any way, please be sure to contact the Royal Aeronautical Society (4 Hamilton Place, London, W. 1) 
immediately so that necessary arrangements can be made promptly. 


S.P.J. 
4] 
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Through better integration of compler requirements 
into a consistent system have come the modern 
solid-propellani rockets, equipped to withstand 


the severe environmental conditions to which they are subjected. 


Modern Developments 


in Solid-Propellant Rocket Engineering 


Richard D. Geckler* and Robert E. Davis** 


Aerojet-General Corporation 


INTRODUCTION 


i TREND in rocket development today is toward 
larger and more efficient rockets, brought on by the 
need for increased size or performance of missiles. In 
addition, the operational requirements imposed on 
rocket power plants have become increasingly stringent. 
Consequently, the development of larger and more 
efficient rockets is accompanied by a need to withstand 
more severe environmental conditions in the field. 

The question arises as to why solid-propellant rockets 
should be seriously considered since many combinations 
of liquid propellants are available for use in rocket power 
plants. After many disappointing trials with solid- 
propellant rockets, the early amateur rocket enthusiasts 
unanimously concluded that progress toward their goal 
of space flight would come about only if they switched 
to liquid propellants. For example, Willy Ley com- 
ments that ‘‘even the most ordinary of liquid fuels, ordi- 
nary automotive gasoline, will produce an exhaust 
velocity about twice that of a black powder rocket.’’! 
This type of conclusion biased the direction of rocket 
development work for more than a score of years. How- 
ever, it overlooked the fact that new solid propellants 
far superior to black powder would be invented and 
tailored specifically to meet rocket requirements or that 
the principles of rocket design could be refined as they 
subsequently were. Today there are impressive reasons 
for considering solid-propellant rockets for many applica- 
tions. 

Two important reasons are the inherent simplicity 
and reliability of solid-propellant rocket motors. This 
simplicity exists not only in construction details, be- 
cause there are fewer parts than in liquid rockets by a 


Slightly revised and condensed from the paper by the same 
title presented at the Rocket Propulsion Session, IAS 25th An- 
nual Meeting, N.Y., Jan. 28-31, 1957. (IAS Preprint No. 719.) 

* Manager, Solid Engine and Chemical Division. 
** Chief Project Engineer, Solid Engine and Chemical Divi- 
sion. 
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factor of 100 to 1,000, but also in field use. Servicing of 
the rockets with propellants on the launching platform 
is unnecessary. There are no pumps, valves, or con- 
trols to get out of order. To start a solid-propellant 
rocket it is only necessary to insert the igniter and press 
the firing switch. 

Hand in hand with simplicity goes reliability. For 
example, the reliability of all solid-propellant rockets de- 
livered by the Aerojet-General Corporation during its 
history is about 99 per cent. However, this figure is an 
average including older and less reliable models as well 
as newer and more reliable ones. One of the newer 
Aerojet-General solid-propellant rockets has an actual 
measured reliability of 99.99 per cent and this is after 
being subjected to extreme environmental conditions. 

Along with simplicity and reliability goes another 
factor that seems to be less widely appreciated—this is 
reduced cost. Both the cost of development and the 
cost of production are generally less for solid-propellant 
rockets than for equivalent liquid-propellant rockets. 
The reduced costs are a direct result of the simplicity of 
the rocket in that fewer component parts must be de- 
veloped. 

Nevertheless, there are some disadvantages of solid 
propellants. The performance of  solid-propellant 
rockets has been less than for liquid-propellant rockets 
in regard to the energy content of the propellant as 
measured by the specific impulse and often in regard to 
metal parts weight. Another drawback of solid-pro- 
pellant rockets that in the past hindered their use in 
some applications is the difficulty of varying the thrust. 
The direction and magnitude of the thrust of a liquid- 
propellant rocket can be controlled by gimballing the 
thrust chamber and by throttling the propellant flow. 
Thrust can be terminated simply by closing the propel- 
lant valves. 

However, recent developments in achievement of 
solid propellants of higher specific impulse and in 
metal parts of light weight, as well as successful tests of 
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methods for controlling thrust, have broadened the 
range of applicability of solid propellants. 

Some developments in improving the design of solid- 
propellant rockets, both by increasing the propellant 
specific impulse and by increasing the propellant mass 
fraction, will be discussed. Environmental testing, 
especially temperature-cycling, of solid-propellant rock- 
ets will be considered as applied to propellant grain de- 
sign. 


DISCUSSION 


Since the altitude of a sounding rocket or the range of 
a rocket missile depends primarily on the burnout ve- 
locity, the problem of maximizing rocket performance 
in general is equivalent to the problem of maximizing 
the burnout velocity. To a first approximation the 
burnout velocity of a rocket-powered vehicle is given by 
the ideal rocket velocity equation 


=cilnR (1) 


where v, (ft.sec.~') is the velocity reached by the ve- 
hicle at the end of propellant burning in gravity- and 
drag-free space after starting from rest; c (ft. sec.~') is 
the effective exhaust velocity of the propellant related 
to the specific impulse /,(Ibf.sec.lbm~!) by the equation 


c= gl; (2) 


where g. = 32.174 lbm.Ibf~'ft.sec.~*, and R is the ratio 
of the mass of the vehicle at the beginning of burning, 7 
(Ibm), to the mass of the vehicle at the end of burning, 
M,(Ibm). If 4/,(Ibm) is the mass of the propellant dis- 
charged during burning, the power-plant mass fraction 
of propellant is defined by 


A = M,/M, (3) 


where /,(lbm) is the total mass of the rocket power 
plant including propellant. Further, the overall pay- 
load mass ratio @ can be defined by 


a= M/M, (4) 


where \/,(lbm) is the mass of the pay load accelerated 
by the rocket power plant. The total vehicle mass is 
the sum of the pay-load mass and power-plant mass 


M=M,+M,=M,+M,+ (5) 


where A/,(lbm) is the combustion chamber mass which 
should include any ineffective propellant such as slivers. 
In addition, it is seen that the ratio of mass of the power 
plant to the pay-load mass is given by 


M,/M,=a-—1 (6) 


Using the above equations, a plot has been con- 
structed of the overall pay-load mass ratio a versus the 
power-plant propellant mass fraction A for various 
values of v,/c, the ratio of vehicle burnout velocity to 
effective exhaust velocity of the propellant as shown in 
Fig. 1. It can be seen from Eq. (1) that vehicle burnout 
velocity can be increased either by increasing the pro- 
pellant specific impulse 7, and hence the effective ex- 
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haust velocity c or by increasing the ratio of vehicle 
weight at the beginning of burning to the vehicle weight 
at the end of burning R. However, the latter ratio de- 
pends both on the size of the power plant relative to the 
pay load and on the propellant fraction of the power 
plant. A study of Fig. 1 shows that for a given vehicle 
and propellant performance—i.e., constant value of 
v,/c—there isa minimum pay-load mass ratio necessary no 
matter how high the propellant weight fraction in the 
power plant becomes. There is also for constant v, ¢ a 
minimum propellant weight fraction required no matter 
how high the ratio of total vehicle mass to pay-load mass 
is made. Thus it can be concluded that future require- 
ments for increased vehicle performance—i.e., larger 
values of v,—will necessitate increasing the propellant 
specific impulse, the development of larger rocket 
power plants, and increasing the propellant fraction of 
the rocket power plants. 


Maximum Propellant Specific Impulse 


The specific impulse of a rocket propellant depends 
chiefly on the energy released by the propellant as it 
burns and, to a lesser degree, on the operating pressure 
of the rocket and the expansion ratio of the nozzle. The 
potential energy of the propellant available for release 
when the propellant burns is a function of the chemical 
composition of the propellant. Solid propellants are of 
two general types: double base and composite. Double 
base propellants consist essentially of nitrocellulose 
colloided with nitroglycerin. Composite propellants 
consist basically of an oxidizer mixed with a combustible 
binder, and, except for exotic propellants still in the 
laboratory stage, the oxidizer is a simple inorganic salt 
containing oxygen. Potassium perchlorate, ammonium 
perchlorate, and ammonium nitrate are the oxidizers in 
general use. Many varieties of binder have been uti- 
lized in solid propellants, but in general the binder 
serves chiefly as a fuel, although it usually contains 
some available oxygen. For a given oxidizer and binder 
system, the problem of achieving the highest possible 
specific impulse becomes a problem of obtaining a high 
ratio of oxidizer to binder. However, there are limita- 
tions on the amount of oxidizer that can be placed in a 
given binder, and then the specific impulse obtainable 


3 10 NN 
jv/e 

> loz Nee | 
| 
o =| CeEFFECTIVE EXHAUST VELOCITY | | 
03 04 05 06 07 08 09 10 


PROPELLANT WT. FRACTION OF ROCKET POWER PLANT 


Fic. 1. Total vehicle to pay-load weight ratio vs. propellant 
fraction of rocket power plant for various burnout velocities. 
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from the propellant system is less than the theoretical 
maximum. If the propellant is of the castable type, the 
oxidizer content in the oxidizer-binder slurry cannot 
be so high that the slurry will not flow into a mold or 
rocket case preparatory to curing of the slurry to a 
solid. Some benefit in castability can be realized by 
adjusting the particle size of the oxidizer, but even with 
an optimum oxidizer particle size distribution for 
castability there is a limit to the oxidizer loading that 
will permit the slurry to flow. The maximum oxidizer 
loading is also limited to a certain extent by its effect on 
the mechanical properties of the propellant, especially 
elongation under tension, and in some propellant sys- 
tems by increased susceptibility to detonation as the 
oxidizer content of the propellant is increased. Many 
propellants are now available with values of specific 
impulse well over 200 blf.sec.lbm~', compared to black 
powder for which /, = 70 blf.see.lbm ', and it does not 
appear that any theoretical limit to even higher values 
has yet been reached. 

The specific impulse available from a solid propellant 
can be increased by operating a rocket at increased 
chamber pressure since the performance of a rocket 
nozzle is a function of the ratio of the chamber pressure 
to the atmospheric pressure. The thrust developed by 
a rocket can be expressed as 


F = CrA ip, (7) 


where F is the thrust, C, is the thrust coefficient, .1, is 
the nozzle throat area (in.*), and p, is the chamber 
pressure (Ibf.in.~*). The thrust coefficient Cy is a fune- 
tion of the ratio of chamber pressure to exit pressure, the 
expansion ratio of the nozzle (ratio of nozzle exit area 
to throat area), and the ratio of specific heats of the 
propellant gases. Fig. 2 illustrates the variation of C, 
with pressure ratio and expansion ratio for propellant 
gases with a specific heat ratio of 1.20. It would appear 
that operation at very high values of the chamber 
pressure would be advantageous. However, the chamber 
pressure is limited by the strength of the rocket case, 
and operation at too high a chamber pressure will re- 
quire such a strong and therefore heavy rocket case that 
the overall efficiency of the rocket will be decreased be- 
cause of its high weight. One of the basic advances 
in rocket design has been, therefore, to choose the cham- 
ber pressure which will maximize the rocket burnout 
velocity. 

For a given propellant and a given ratio of chamber 
pressure to atmospheric pressure, there is an optimuim 
ratio of nozzle exit diameter to throat diameter for a 
nozzle to have maximum efficiency and, hence, utilize 
the available energy of the propellant to the fullest. 
Values of the thrust coefficient at optimum expansion 
lie on the dotted line in Fig. 2. During flight of a 
missile or sounding rocket where the altitude and the 
outside pressure are changing, the chamber pressure to 
exit pressure ratio and hence the optimum expansion 
ratio will change. The nozzle will then be at optimum 
expansion only at the altitude for which it is designed, 
and therefore the propellant specific impulse will be at 


a maximum only at that altitude. Consequently, some 
compromise in rocket performance is necessary. For 
example, consider a rocket operating at 1,000 psi 
chamber and optimum expansion at sea level. The 
pressure ratio will then be 1,000, 14.696 = 68.2, and, re- 
ferring to Fig. 2, the area ratio for optimum expansion’ 
is 9.4, and the thrust coefficient is 1.57. At 100,000 ft. 
altitude, the pressure ratio is. 1,000 0.158 = 6,320, and 
the thrust coefficient for an area ratio of 9.4 is 1.78. 
which shows that the thrust of the rocket increases with 
altitude. However, optimum expansion would give a 
thrust coefficient of 1.93, but the nozzle expansion ratio 
would have to be increased from 9.4 to 430. Obviously 
proper choice of the nozzle area ratio is of considerable 
importance in achieving the maximum performance of 
a vehicle traversing the atmosphere. 


Maximum Weight Fraction of Propeliant 


For a rocket and pay load of given weight, the burn- 
out velocity can be increased not only by increasing the 
propellant specific impulse but also by increasing the 
weight fraction of the propellant in the rocket power 
plant. With a propellant grain of fixed dimensions the 
propellant weight can be maximized by using a high 
density propellant. For this reason it is sometimes ad- 
vantageous to employ a propellant of lower specific im- 
pulse but high density rather than a propellant of higher 
specific impulse but low density. The optimum com- 
promise for maximum performance can be established 
only by detailed calculations based upon Eqs. (1) and 
(7). 

Considerable freedom in design of the propellant 
grain configuration is available as a means of obtaining 
the maximum weight fraction’ of propeliant in the 
rocket. Assuming a rocket chamber of fixed diameter 
and length and end closures of fixed dimensions, the 
volume surrounded by the chamber and end closures 
will be occupied by propellant, insulation, grain sup- 
ports, igniter, and volume available for flow of propel- 
lant gases. The volumes occupied by the various com- 
ponents in a typical rocket might be as follows: 


of Total Volume 


Propellant Grain 79.4 

Insulation 
Chamber Barrel 
Fore and Aft Heads 0.2 
Grain Supports 0.6 
Igniter 0.4 
Volume Available for Gas Flow 218 
Total 100.0 


The volume occupied by the igniter will be small and 
therefore has little effect on the maximum weight frac- 
tion of propellant obtainable. The insulation required 
to keep the fore and aft closures from overheating, the 
chamber barrel insulation, and the grain supports gen- 
erally do not offer much leeway in design of the rocket 
for maximum propellant loading. Therefore, the main 
effort of the rocket design engineer in obtaining maxi- 
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SOLID-PROPELLANT ROCKET ENGINEERING 


mum volumetric propellant loading is directed toward 
reducing the volume of gas flow. 

An unperforated cigarette-burning grain will give the 
greatest loading density, but this type of configuration 
may require a higher propellant burning rate than avail- 
able. In such cases a perforated grain must be used, and 
the minimum free space in the chamber available for 
flow of propellant gases is often determined by the 
magnitude of ‘“‘erosive’’ burning that occurs when the 
normal burning rate of a solid propellant is increased by 
flow of gas parallel to the burning surface. The higher 
burning rate causes an increase in the chamber pressure, 
and hence, excessive erosive burning causes a pressure 
peak at the start of firing when the port area available 
for gas flow is low and the velocity of gas past the burn- 
ing surface is high. The minimum free volume in the 
chamber is thus limited by the port area necessary to 
avoid excessive erosive burning. Design of the propel- 
lant grain to achieve the maximum propellant loading 
must take this fact into account. 

Proper design of the metal parts of a rocket for mini- 
mum weight will also help to increase the weight fraction 
of propellant. In fact, it is here that the greate t oppor- 
tunity probably exists for improvement in the weight 
fraction of propellant and achievement of higher vehicle 
burnout velocities. | Considerable study has been given 
to methods of decreasing the weight of pressure vessels, 
and the results of some of these studies are available in 
the classified literature. Rocket chambers can be fabri- 
cated of alloy steels heat-treated to high ultimate 
strength to permit thinner walls and hence lower weight. 
Investigation of other structural materials with promise 
of higher strength-to-weight ratios than steel are under- 
way. Minimum weight for insulators and grain sup- 
ports are also desired, and use of a case-bonded propel- 
lant grain can contribute to decreasing the weight of 
these components. 

The weight of the rocket nozzle is usually an appre- 
ciable part of the total metal parts weight for a solid- 
propellant rocket, and good nozzle design can result in 
substantial saving of weight. Much less work has been 
done on the design of minimum weight no°zles than has 
been expended in designing lightweight chambers, and as 
a consequence rocket nozzles are in general overdesigned. 
Determination of the wall thickness necessary at each 
section along a rocket nozzle is more complicated than, 
for example, calculation of wall thickness for a cylindri- 
cal chamber barrel. As the propellant gases expand 
through the nozzle, the static pressure exerted by the 
gases decreases, and hence the thickness of nozzle wall 
necessary to withstand this pressure decreases. The 
heat-transfer coefficient between the gases and the noz- 
zle is also decreasing as the gases expand thus requiring 
less insulation of the nozzle wall to protect against over- 
heating. It appears that much can be done in designing 
lighter weight nozzles by varying the nozzle wall thick- 
ness and thickness of insulation materials; judicious 
selection of materials that can serve as combination 
erosion barriers, insulators, and structural members; 
and use of other than conical exit sections. Use of dif- 
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Fic. 2. Thrust coefficient vs. expansion ratio. Theoretical 


values for k = 1.20, \ = 0.9830 (for a = 15°). 


ferent shapes for the exit section has been limited by 
fabrication difficulties and a study of improved fabrica- 
tion methods seems warranted. 


Environmental Conditions 


In addition to designing a rocket motor for optimum 
ballistic performance, the rocket designer must con- 
sider the environmental conditions to which the rocket 
will be subjected. The most severe environmental re- 
quirement is usually the broad temperature range over 
which the rocket must operate. The propellant must 
withstand the stresses imposed by changing tempera- 
ture without cracking and the rocket must also fire suc- 
cessfully at all temperatures within the specified range. 

To permit successful firing of a solid propellant rocket, 
yarious design criteria must be fulfilled. First, the 
propellant must ignite properly at all temperatures, and 
this is a problem for some propellants that are not 
readily ignitible at low temperatures. Then, the operat- 
ing pressure at high temperatures produced by burning 
of the propellant must be below the design strength of 
the rocket chamber. This requires that the chamber 
design take into account the temperature sensitivity of 
the propellant. The propellant burning rate and there- 
fore the rocket chamber pressure will in general increase 
with temperature. Let us assume that a certain rocket 
operates at 1,000 psi pressure at 60°F. and employs a 
propellant with a temperature sensitivity of pressure 
equal to 0.0020°F.~'. That is, 


tT, = (1/p)(Op/OT) x = 0.0020°F.—! (8) 


The subscript A denotes that the ratio of the nozzle 
throat area to burning area is held constant. To calcu- 
late the burning rate and pressure at 160°F. the follow- 
ing equation is used: 


Piso° Poor = exp (160 — 60) (9) 


The operating pressure is thus 1,222 psi at 160°F. com- 
pared to a value of 1,000 psi at 60°F. In this example, it 
is apparent that the temperature sensitivity of the pro- 
pellant requires the design pressure to be 20 per cent 
greater than it would be otherwise. As a consequence 
much work is being done to reduce the temperature 
sensitivities of solid propellants. 
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A more important effect of the thermal environment 
on a rocket is the thermal stress produced in the propel- 
lant by temperature cycling. Especially interesting is 
the comparison of thermal stresses in a free-standing 
and case-bonded grain. Let us assume that in the two 
rockets, one with a free-standing and one with a case- 
bonded grain, the grains are in the stress-free condition 
at a temperature of 100°F. The rockets are then 
suddenly subjected to a temperature of —40°F. and re- 
main in that temperature environment for a long time. 
Thermal stresses will be induced in the free-standing 
grain and these stresses will reach a maximum after a 
certain time and then decline to zero. At equilibrium 
the grain will again be stress-free. However, in the 
case-bonded grain, thermal stresses will be induced and 
will remain in the grain even at infinite time because the 
grain is restrained by the chamber as it tries to shrink 
away. 

These effects can be illustrated as follows: Consider 
the free-standing grain to be an infinitely long hollow 
circular cylinder of external radius X,, internal radius 
k;, and initially at the temperature 7. At time ¢ = 0, 
heat is transferred to the external cylindrical surface of 
the grain from a medium at temperature 7, with a con- 
stant heat-transfer coefficient 4; there is zero heat flux 
at the internal surface. The heat-transfer coefficient / 
is the overall coefficient considering transfer of heat 
from the surroundings through the chamber insulation, 
if any, and air space to the propellant grain. 

As the propellant grain cools, the difference between 
the thermal expansion of the material near the internal 
and external surfaces will produce thermal stresses. For 
design purposes it is only necessary to consider the tan- 
gential stress since its maximum absolute value at both 
the internal and external surfaces is greater than the 
absolute value of the radial stress which exists some- 
where near the middle of the web. The tangential stress 
o, is zero near the middle of the web, but it is high at 
both surfaces—a compressive stress at the inner surface 
and a tensile stress at the external surface during cool- 
ing.” 

By writing tangential stress in dimensionless form 
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2X» = (1 — v)o9/Ea(T, — T;) (10) 


where » is Poisson’s ratio, E is the modulus of elasticity, 
and a is the linear coefficient of thermal expansion, it 
may be plotted* as a function of the Biot Number, ® = 
h R./\ where \ is the thermal conductivity of the pro- 
pellant as shown in Fig. 3. The dimensionless stress js 
somewhat larger for small values of the ratiom = R, R,, 
but in no case does it exceed 2, = 0.5, even if the heat- 
transfer coefficient or ® is very large. 

In contrast, the behavior of a case-bonded grain is 
radically different. It is again assumed that the solid- 
propellant grain is an infinitely long hollow cylinder at 
an initial temperature 7;. At the time ¢ = 0 the case 
temperature is suddenly changed to the value 7, 
The grain temperature then gradually changes from 7, 
to: 

If the rocket case initially at 100°F., say, is suddenly 
changed to a temperature of —40°F., the propellant 
grain will be placed in conipression. Again, only the 
tangential stress need be considered for design since it 
is larger than the radial stress. The tangential stress 
will be a maximum compressive stress at the inside of 
the grain, decreasing as the radius increases, and sud- 
denly changing to a tensile stress at the outside of the 
grain where the grain surface has been cooled suddenly 
to —40°F. As the grain cools with time, the stresses 
change monotonically until all parts of the grain have 
reached —40°F. During the cooling cycle, all stresses 
become tensile stresses as the grain tries to pull away 
from the case because of the higher coefficient of thermal 
expansion of the propellant. However, unlike the free- 
standing grain, the stresses are not zero in the equi- 
librium temperature condition, in fact, the stresses are 
then a maximum. The tangential stress is greatest at 
the inside of the grain and decreases to a smaller finite 
value at the outside of the grain as the radius in- 
creases.‘ 

For these conditions, under the additional assump- 
tion that the case wall thickness is large or the modulus 


(Continued on page 51) 
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Fic. 4. Maximum tangential thermal stresses at the inner 
surface of a case-bonded cylindrical grain vs. ratio of linear 
expansion coefficients for case and grain. 
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Franklin W/. Diederich* and Joseph A. Drischler, Jr.** 
Langley Aeronautical Laboratory, NACA 


Unsteady-Lift Functions for 
Penetration of Traveling Gusts and 


Oblique Blast Waves 


The results of some calculations of the unsteady lift due to the penetration of sharp-edged traveling gusts are presented, 
and their use in such calculations as that of the lift due to the penetration by a given wing of an oblique blast wave 
or of the downwash field of another wing is discussed briefly. 


SYMBOLS 


a = speed of sound of undisturbed air 

¢ = wing chord 

C, = wing lift coefficient 

JJ) = Mach Number 

Ap = overpressure behind blast wave 

= dimensionless distance traveled, Ut/(c/2) 

t = time 

l = flying speed 

ly = speed of propagation of gust front, positive if opposite 
to direction of flight 

l» = speed of propagation of the blast wave 


gust intensity 
speed of disturbed air behind blast wave 


= 


> 


x = longitudinal coordinate, positive rearward 

x; = longitudinal coordinate of leading element (foremost 
point) of wing 

xy, = longitudinal coordinate of trailing element (rearmost 
point) of wing 

a = effective local angle of attack of downwash angle 
(downwash /flying speed) 

a, = angle of attack in level flight 

p = density of still air : i 

6 = inclination of blast front relative to longitudinal axis 

INTRODUCTION 


A KNOWLEDGE OF unsteady-lift effects is required in 
analysis of many problems of airplaie dynamics, 
such as flutter and response to turbulent excitation. 
In problems considered in the past, these effects have 
been expressible in terms of two functions—namely, the 
lift responses to an abrupt change in angle of attack and 
to the penetration of a sharp-edged gust, respectively. 
The first of these functions is substantially identical 
with the indicial-lift function, which represents the lift 
response of a wing abruptly accelerated from rest to a 
given flying speed. It was first calculated for two-di- 

Presented at the Aeroelasticity—I Session, IAS 25th Annual 
Meeting, N.Y., Jan. 28-31, 1957. (IAS Preprint No. 714.) 

*Head, Dynamic Loads Analysis Section. Now, Maneger, 
Aerodynamics Dept., Radioplane Co. 
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mensional incompressible flow by Wagner! and, hence, 
is often referred to as the Wagner function. The 
gust-response function was first calculated for two- 
dimensional incompressible flow by Kiissner? and is 
often referred to as the Kiissner function. Both func- 
tions have since then been calculated for a variety of 
plan forms and Mach Numbers.’ 


Recently several unsteady-lift problems have become 
of interest which cannot be analyzed by means of these 
functions, but which can be analyzed by means of the 
unsteady-lift response to sharp-edged gusts with fronts 
that are not stationary relative to the undisturbed air 
but which translate along the flight path in either direc- 
tion. Examples of such problems are flight past another 
airplane (and consequently penetration of its downwash 
field) in either direction, flight through a sonic boom, 
penetration of the downwash field of the wing of a con- 
vertiplane by one of its rotor blades,‘ flow in a shock 
tube,*° and flight into or out of a blast wave.’ (See Fig. 


The unsteady-lift functions for penetration of travel- 
ing gusts are more general in nature than the two func- 
tions considered previously. Not only do they contain 
an additional parameter—namely, the rate of travel of 
the gust front—but they include the two other functions 
as special cases; they reduce to the Kiissner function if 
the rate of travel is zero and to the Wagner function if it 
is infinite. They were first calculated for two-dimen- 
sional incompressible flow by Miles* and then inde- 
pendently, using a different approach, by Hobbs” ® and 
by the present authors.’ Also, they have been calcu- 
lated for wings of very low aspect ratio in compressible 
and incompressible flow and for both two- and three- 
dimensional wings in supersonic flow.’ 


The purpose of the present paper is to indicate the 
results of some of these calculations and to discuss their 
application to some of the aforementioned problems, 
particularly that of blast penetration. 


ike 
i 
(10) i 
i 
icity 
m, it i 
= 
pro- 
“SS 1S 
hank 
heat- 
= 
| 
| 
ves 
| 
— 
1.0 3 


CALCULATION OF THE LirT DUE TO THE PENETRATION 
OF TRAVELING GUSTS 


For a unit indicial angle of attack the downwash 
condition is 


a = (1) 


where I(/) is the unit step function. (For an abrupt 
angle-of-attack change, the implied abrupt rotation of 
the wing leads to vertical displacements of its elements 
and, hence, to an additional downwash term [(x — xo) 

U']6(t), where 6(¢) is the unit-impulse or Dirac delta 


(a) Downwash field of another airplane. 
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(b) Shock tube. 
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(c) Blast wave. 


Fic. 1. Examples of problems equivalent to penetration of 
traveling gusts. 
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function, and x» is the longitudinal coordinate of the 
axis of rotation.) Similarly, for the penetration of a 
stationary sharp-edged gust of unit intensity (w/U’ = 1) 
which is reached by the leading element of the wing at 
{ = 0, the downwash condition is 


a = 1[t — (w — x,)/U] (2) 


Now, if the gust front is translating relative to the 
undisturbed air at a speed LU’, in a direction parallel and 
opposite to the flight velocity, and the encounter of the 
gust front and the leading element of the wing again 
occurs at ¢ = 0, then 


a = I[t — (vx — x,)/(U + U,)] (3) 


This relation is also valid if the gust front travels in the 
same direction as the wing (so that U, is negative), 
provided the magnitude of UL’, is less than the flight 
speed LU’, because the wing can then catch up with the 
gust. If the gust front travels in the same direction as 
the wing at a faster speed, the wing cannot catch up with 
the gust and, instead, the gust overtakes the wing. 
In this case it is more convenient to let the time 
reference (¢ = 0) occur at the instant at which the 
gust reaches the trailing element of the wing, so that 
then 


a = I{t — — xz)/(U + U,)]} (4) 


where L’, is now negative and greater in magnitude than 
U. 

It may be noted that both Eqs. (3) and (4) reduce to 
Eq. (1) when U, approaches infinity and that Eq. (3) 
reduces to Eq. (2) when L’, is zero, so that, as mentioned 
previously, the unsteady-lift function for traveling 
gusts contains the indicial-lift function and the un- 
steady-lift function for stationary gusts. 

Despite the similarity of the boundary conditions 
represented by Eqs. (1) and (2), the corresponding un- 
steady-lift functions cannot be related to each other 
directly; thus, a knowledge of the indicial-lift function 
alone is insufficient for the calculation of the lift due to 
gust penetration. Hence, the unsteady-lift function 
for the penetration of stationary gusts is usually calcu- 
lated by a direct solution of the linearized lifting-surface 
problem for the downwash condition defined by Eq. 
(2). 

An alternative method consists of interpreting this 
condition as representing a wing with a flap which in- 
creases in width at the rate LU’. The lift due to gust pene- 
tration can therefore be obtained from the lift due to 
indicial flap deflection. (This approach was used in 
references 2 and 7.) Still another approach consists of 
using the reciprocity theorems of linearized lifting- 
surface theory to relate the lift due to gust penetration 
to the circulation associated with the indicial lift in re- 
verse flow’ or to the indicial pressure distribution in 
reverse flow.® 

The same situation prevails for the lift due to the 
penetration of traveling gusts; it cannot be calculated 
from a knowledge of the indicial-lift function alone 
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DIMENSIONLESS DISTANCE TRAVELED, s 


(a) Two-dimensional flow; 17 = 0. 


Fic. 2. Examples of unsteady-lift 


nor even from a knowledge of both the indicial-lift func- 
tion and the lift-response function for stationary gusts. 
Therefore, it must be calculated either directly by solv- 
ing the lifting-surface problem for the boundary con- 
ditions represented by Eqs. (3) and (4) (as was done in 
references 4, 5, 6, and 7) or by one of the aforementioned 
alternative methods. The results presented in reference 
7 were checked by a calculation based on the lifts due to 
indicial flap deflections (using the method indicated in 
the appendix of that paper) and can also be obtained 
readily from indicial pressure distributions in reverse 
flow." 

The following cases were considered in reference 7: 
two-dimensional incompressible flow (the case con- 
sidered also in reference 4 and 5), wings of low aspect 
ratio in incompressible and compressible flow, two- 
dimensional supersonic flow, delta wings with super- 
sonic leading edges, and rectangular wings in supersonic 
flow. These cases represent virtually all the cases for 
which the unsteady-lift function for stationary gusts 
has been calculated at present. For all cases the un- 
steady pitching moment was calculated, as well as the 
lift. 

Some of the results for the unsteady-lift function ob- 
tained in reference 7 are shown in Fig. 2, where the un- 
steady-lift function normalized with the steady-state 
value is shown as a function of the dimensionless time 
or distance traveled, with the speed of gust propagation 
as a parameter. 

For two-dimensional incompressible flow, the indicial- 
lift function (the Wagner function), which in Fig. 2(a) 
is represented by the curves for U’,/U’ = ©, contains a 
concentrated lift impulse at time ¢ = 0, which arises 
from the ‘‘potential’’ (noncirculatory) part of the flow. 
For large finite speeds of gust propagation (in either 
direction) this impulse is spread out over a finite time 
interval, which increases as the speed of gust propaga- 
tion decreases, with a corresponding decrease in the 
magnitude of the peak. When the gust speed becomes 
zero, this peak vanishes altogether, and the lift response 
is the well-known unsteady-lift function for penetration 
of stationary gusts. For small negative gust speeds (the 
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DIMENSIONLESS DISTANCE TRAVELED, S 
(b) Rectangular wing; 4 = 1, M = 2. 


functions for traveling gusts. 


case of a wing catching up to a gust front), the peak due 
to these potential-flow effects is replaced by a dip. The 
rate of lift increase is smallest when the speed of gust 
travel is nearly equal in magnitude and opposite in 
direction to the speed of flight, as may be expected. 

The initial impulse in the indicial-lift function and the 
corresponding large peaks in the lift response to pene- 
tration of traveling gusts occur only in incompressible 
flow. The results shown in Fig. 2(b) for a rectangular 
wing of aspect ratio | at a Mach Number of 2 are thus 
more typical than those shown in Fig. 2(a). Although 
peaks still occur in the lift-response functions, they are 
not much higher than the steady-state value of the lift. 
Otherwise, the effect of speed of gust propagation on the 
unsteady-lift functions is similar to that observed in 
Fig. 2(a). 

The presentation of the unsteady-lift functions in the 
conventional manner employed here—namely, as fune- 
tions of dimensionless distance traveled——serves to em- 
phasize the difference in the functions for various 
speeds of gust travel. If, instead, they were shown as 
functions of a dimensionless relative distance 


= (|U + U,|t)/(c/2) 


the lateral spread of the curves shown in Fig. 2 would be 
eliminated to a large extent, and the curves would ap- 
pear much more similar in nature; however, the curves 
for U’, = © cannot be shown on such a plot, and the 
variation of the lift-response functions with Ul’, would be 
more obscure. 


APPLICATIONS OF THE UNSTEADY-LIFT FUNCTIONS DUE 
TO PENETRATION OF TRAVELING GUSTS 


The unsteady-lift functions for the penetration of 
traveling sharp-edged gusts may find application in a 
number of problems associated with flight through < 
moving downwash field. In such a fie!d the entire time 
history of the downwash experienced by the given wing 
is known if it is specified at one instant, because the 
downwash existing at any point x, y on the wing at time 
t is the same as that which exists at any point x’, y 


he 
(a) Ug U U -Ug Ug 
/U Ug/ | 
9 WAGNER 
3 WAGNER -3 \ 
6 | 
WH 
he 5 5 “374 | 
2) 
he 
ap 
ht | 
he 
aS 
at 
}) 
a6) 
3) 
d 
1- 
1- 
r 
ia 
- 
f 
1 
1 


7 


50 AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1957 


directly ahead of or behind that point at the instant 
t! = t+ (x’ — x)/(U + U,), where U, is the speed of 
translation of the downwash field relative to the still air. 

In the example shown in Fig. 1(a), for instance, the 
wing of the airplane at the right encounters the down- 
wash field of the airplane at the left, which is translating 
at a speed U’, relative to the still air. If the downwash is 
constant behind the shock front and in the spanwise 
direction, the unsteady-lift functions discussed herein 
can be used directly to calculate the lift on the airplane 
at the right. If the downwash of the airplane at the left 
varies in the chordwise direction, as it would if that air- 
plane were flying at a subsonic speed, the lift on the air- 
plane at the right can be calculated from the same un- 
steady-lift functions by superposition—that is, using 
Duhamel’s integral—provided the downwash is sub- 
stantially constant in the spanwise direction. If the 
downwash is not constant in the spanwise direction, a 
more general type of unsteady-lift function (which has 
the form of a spanwise influence function) is required. 
Such functions are considered in reference 9 for station- 
ary gusts, and the arguments presented therein can 
readily be extended to traveling gusts. 


In the example shown in Fig. 1(b), as the shock wave 
passes over the wing, the wing acquires an effective 
downwash u,ay and a “‘flying speed”’ u,. (Although the 
part of the wing which has not yet been reached by the 
shock wave has zero “‘flying speed,”’ it can be considered 
to be in a flow with speed u,, provided its angle of attack 
is considered to be zero.) Hence, the problem is 
equivalent to an airfoil flying at speed u, which pene- 
trates a sharp-edged gust with intensity u,ao and with 
a speed of propagation LU’, — u, in a direction opposite 
to that of the airfoil. Inasmuch as 4, is likely to be ex- 
tremely small compared to L’,, which is greater than the 
speed of sound, the flow may be considered to be in- 
compressible in most cases. Furthermore, as another 
consequence of the fact that U’, is large compared to ,, 
the unsteady-lift function will be substantially that for 
an airfoil penetrating a gust traveling at infinite speed 
(the indicial-lift function), except that, as noted pre- 
viously, the concentrated impulse in the indicial-lift 
function predicted by two-dimensional incompressible- 
flow theory will be modified to a very high peak of very 
short duration. 


The relation between a blast wave and a traveling 
gust is indicated in Fig. I(c). If the airplane is struck 
from directly below, its effective angle of attack is in- 
creased instantaneously by w,/U’, so that the lift de- 
veloped as a result of this change is the indicial lift. If, 
however, the airplane is struck obliquely, the elements 
of its wing are exposed to the new effective angle of 
attack in a progressive manner, starting with the lead- 
ing or trailing element, depending on the point on the 
blast front at which the airplane encounters it. This 
progressive change is of the same type as that en- 
countered in penetrating a traveling gust. 


A small portion of the blast front, which is inclined 
at an angle @ to the flight path, is represented in the 


sketch at the right side of Fig. l(c). From this sketch 
the effective rate of progress of the blast front along the 
flight path may be seen to be 


U, = U,/sin 6 (5) 


The effective gust intensity in the direction normal to the 
undisturbed flight path is w, cos 6. However, the 
velocity w, behind the blast front also has a component 
W, sin 6 parallel to the flight path, which may give rise 
to significant forces if 6 is large—that is, if the blast 
front is nearly perpendicular to the flight path. Inas- 
much as the lift response to a horizontal gust is ap- 
proximately 2a times the response to a vertical gust of 
the same intensity, a combined effective gust intensity, 
which takes into account both components, is 


w = (cos + 2ay sin (6) 


As may be seen from Eqs. (5) and (6), if @is zero, l’, is 
infinite and w is w,, so that the problem reduces to the 
indicial-lift problem, as stated previously. Also, inas- 
much as UL’, is always greater than the speed of sound, 
the value of U, for a blast-penetration problem must al- 
ways be greater than the speed of sound. 


The unsteady-hft functions discussed herein have 
been calculated by linear theory and, hence, apply only 
to blasts which are relatively weak by the time they 
strike the airplane. For such blasts the rate of propa- 
gation of the blast front L’, is approximately the speed 
of sound, and the relation between the blast-induced 
speed w, and the overpressure Ap is 


Ap = paw, (7) 


In a linearized treatment of the subject, the changes 
in density, temperature, and entropy across the blast 
front can be ignored because their effects are of higher 
order than those considered. However, the overpres- 
sure Ap contributes first-order effects to the lift. These 
diffraction effects have been calculated for some station- 
ary objects'® but not as yet for airplanes. They are 
taken into account to some extent in the unsteady-lift 
functions considered herein but possibly not in their 
entirety. 

For a very strong blast originating at a great distance 
from the airplane, the blast-induced speed w, decreases 
so slowly pursuant to the time of penetration'! that the 
results discussed herein for sharp-edged gusts can be 
used directly. For less intense blasts originating rela- 
tively close to the airplane, w, may decrease sufficiently 
rapidly to warrant calculation of the lift response by 
superposition, using the time history of w, and the lift 
responses to sharp-edged gusts. 

A consideration of Fig. 2 of Eqs. (5) and (6) indicates 
that the greatest loads, for a given blast intensity, are 
experienced when the airplane is struck from directly 
below, as may be expected; not only is the effective 
gust intensity w then largest but the peaks in the lift re- 
sponse are generally largest for high effective rates of 
gust propagation U,. 
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UNSTEADY-LIFT FUNCTIONS 


CONCLUSIONS 


Several problems have been cited which require for 
their analysis a knowledge of the unsteady-lift functions 
associated with penetration of sharp-edged traveling 
gusts, one of these problems being the pentration of an 
oblique blast wave. The results of some calculations of 
such functions by linear theory have been presented, 
and their application of these problems has been dis- 
cussed. 
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Solid-Propellant Rocket Engineering (Continued from page 46) 


of elasticity of the propellant is small, the tangential 
thermal stress depends on the ratio of the thermal co- 
efficient of expansion of the case material a» to the ther- 
mal coefficient of expansion of the propellant a; and is 
as shown in Fig. 4 (plotted for » = 0.5). Again the 
thermal stresses are larger for small values of the ratio 
m = R; R,, but the most important point to notice is 
that the thermal stresses are very much greater than 
for free-standing grains. Thus, for a typical value of 
ao/a; = 0.3, the thermal stresses can be 30 to 40 times 
their magnitude in a free-standing grain. Development 
of propellants with mechanical properties that will per- 
mit their use in case-bonded grains has been a remark- 
able achievement of propellant chemistry. 


CONCLUSIONS 


The relatively high performance of modern solid- 
propellant rockets arises from two principal causes. 


First is the development of propellants having higher 
values of specific impulse coupled with mechanical 
properties that permit them to withstand severe en- 
vironmental conditions. Secondly we have the inte- 
gration of the inert parts design in such a way as to 
optimize the performance of the total rocket- 
powered system for the specific requirements it must 
meet. 
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The Jet Wing 


“Until aircraft power can be utilized for antigravitalional effects, 
the jel wing offers an attractive means for efficiently utilizing power 


during all regimes of flight.” 


SYMBOLS 


= aspect ratio = (b?/S) 

b = wing span, ft. 

c = wing chord, ft. 

C, = lift coefficient = (L/qS) 

Cy, = momentum coefficient = (7; 4.5) 
Cy, = drag coefficient = (D/q.S) 

Cp, = net drag coefficient 

Cp, = balance-measured drag coefficient 
Cp, = induced drag coeflicient 

D = drag, lbs. 

E = lift efficiency (C;, — Cusin 6/ Cu sin 6) 
= lift 

m = mass flow (weight flow/g), slugs /sec. 
= dynamic pressure 1/2pV®, Ibs. /ft.* 
S = wing area, ft.? 

7 = jet thrust, lbs. 

4 = flight velocity, ft./sec. 

vy = jet velocity, ft./sec. 

WW = gross weight, lbs. 

a = angle of attack, deg. 

0 = jet angle, deg. 

p = air density, slugs /ft.* 

r = circulation 


i= INTEGRATION of the aircraft propulsion and 
aerodynamic system into a more efficient flight vehicle 
has been proposed in many ways during aviation’s his- 
tory. The term “‘jet wing” applies to such a combina- 
tion for a jet-propelled aircraft. For such a configura- 
tion, the propulsive system or jet engine and the aero- 
dynamic surfaces, such as wings, control surfaces, etc., 
compliment each other in a// regimes of flight. One of 
the first steps in this direction has been the use of jet- 
engine compressor bleed air for flap blowing high lift 
systems. This technique has been utilized to improve 
the take-off and landing of high-speed jet aircraft!) * 
and is currently adapted to several United States and 
United Kingdom military aircraft in production. This 
aviation development resulted from research by the 
U.S. Navy's Office of Naval Research and the Bureau 
of Aeronautics. In this case, however, a relatively 


Revised by the author and condensed from the paper of the 
same title presented at the VTOL-STOL Aircraft Session, IAS 
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small percentage of the main propulsive power has been 
utilized for augmenting lift during the landing and 
take-off phase of flight. 

Recent published test results, by both French and 
British research establishments*: + have renewed the 
interest in utilizing all the available power of the jet 
engine for lift production, as well as for thrust. Much of 
the French and British research resulted from studies of 
the so-called ‘‘jet flap.” The jet flap, as its name im- 
plies, substitutes a thin spanwise “‘jet sheet” of air at 
the wing trailing edge for the well-known physical flap. 
The advocates of the jet flap, however, discovered that 
even a small physical flap (over which the jet sheet is 
directed) is superior for a lift augmentation to the jet 
flap alone. Both the jet flap and blowing flap have an 
interesting history. 

As early as 1917, Fottinger proposed boundary-layer 
control by blowing a tangential jet over the upper lead- 
ing edge of the flap for increasing lift. Ten years later 
the idea was investigated by Wieland® and also by See- 
wald.’ In 1931 Bamber conducted NACA tests of a 
similar system,* but practical application of this con- 
cept was delayed until about 1956.° 

The earliest German research in the jet wing field 
was reported by Hagedorn and Ruden in 1938."° In 
this case, the issuing jet sheet from the airfoil trailing 
edge effected an airfoil chord extension and manifested 
itself in an increase in the lift curve slope. These tests 
were actually conducted only during model calibration 
for blowing flap research, and the concept of using jet 
power for lift was not considered at the time. 

The earliest jet flap research must be attributed to 
Schubauer'!' who was searching primarily for jet thrust 
augmentation possibilities. The configuration of a jet 
flap which he tested is shown in Fig. 1. He disap- 
pointedly reported that “the (thrust) augmentation ob- 
tained was insignificantly small’ and halted his ex- 
periments nearly 25 years ago. His data have been re- 
plotted and compared with recent jet flap results in 
Fig. 2. 

The jet flap was rediscovered by both French and 
English researchers recently —e.g., M. Poisson-Quinton 
of ONERA and Mr. Davidson of the NGTE. In light 
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Schubauer jet flap experiments, 1933. 


of suitable and available power sources, in the form of 
the jet engine, and the great need for such a power-lifting 
aerodynamic surface, the jet wing has taken on a new 
importance. 

Outwardly the jet wing need be little different from 
present-day aircraft, except that the exit of the jet en- 
gine or engines will terminate in an elongated slot 
directed over a trailing-edge flap. French, British, and 
NACA tests have recently explored the jet wing with 
and without flaps. A small flap appears to be aerody- 
namically superior and has proved a practical arrange- 
ment for orienting the exiting jet angle, which is nor- 
mally designated 6. Spence!” has computed the effect of 
flap-chord ratio and concluded that ‘the effectiveness of 
the jet flap scheme might be greatly increased by blow- 
ing over flaps of the order of 20 to 30 per cent of the 
chord, rather than over the very small shrouds which 
have hitherto been proposed.”’ 

Assuming an optimum flap chord is resolved, from 
aerodynamic and structural considerations, the aerody- 
namie performance of the jet wing is a function of the 
jet angle 6 and the momentum coefficient C,. The lat- 
ter parameter is defined as the ratio of the momentum 
of the exiting jet sheet (product of mass and jet velocity) 
to the product of free-stream dynamic pressure and a 
reference wing area—-1.e., 

C, = mV,/(p/2V?S) = T/qS (1) 


Fig. 2 compares some early and modern jet flap results 
by the use of the momentum coefficient. Together with 
aspect ratio, excellent correlation is obtained from the 
numerous experimental results available. 
illustrates the adverse effect on AC; when aspect ratio is 
reduced—1.e., the additional lift increment due to the 
jet wing configuration. Two and three dimensional 
ONERA results were obtained from reference 13 and 
the NPL data from reference 14. 

For C, = 1, a “AC,” of unity could be obtained 
simply by direct jet reaction—i.e., by directing the jet 
efflux vertically downward in the manner of the Flying 
Bedstead, Ryan Vertijet, and the other jet VTO re- 
search vehicles. The weight and complication of the 
internal ducts required for the jet wing demand that a net 
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Fic. 2. Comparison of early and modern jet flap experiments. 


gain be obtained for this configuration over direct jet 
lift. Fig. 3! illustrates the jet wing efficiency / plotted 
against C,. For small values of C,, the lift increment 
may be 5 to 10 times the jet momentum expended, and 
at large C, values the lift force may be as much as 2-2.5 
times the jet thrust. At infinite C, values the efficiency 
FE approaches zero, and then only the vertical compo- 
nent of the jet reaction is obtained. For VTO, therefore, 
little advantage can be realized for the jet wing con- 
figuration if landing and take-off alone are considered. 

When military and commercial jet aircraft operate 
from other than special outlying fields, the noise prob- 
lem will become increasingly objectionable if the present 
power and noise trend continues. Again, the jet wing 
configuration offers considerable promise as an effective 
method of reducing noise." In Fig. 4, the sound pres- 
sure level and frequency are plotted for a conventional 
circular jet and a two-dimensional or slot-shaped jet. 
The two jets compared were of equivalent thrusts and 
exit velocities. The possible reduction of 30 db. in all 
but the highest frequency range will prove difficult to 
obtain by other means. Fortunately, the slot jet can 
also be utilized profitably for flight when incorporated 
asa jet wing. The high frequency noise is objectionable 
but is attenuated by relaxation effects" to a greater de- 
gree with distance than the lower frequencies. 


Fic. 3. Aspect ratio effect on lift efficiency (a = 0° — 6 = 90°). 
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Two important shortcomings of jet aircraft—the 
landing and take-off performance and objectionable jet 
noise on and near the airport—should be markedly im- 
proved with a jet wing configuration. These two gains 
should prove sufficient to justify the necessary develop 
ment effort. However, an examination of the high- 
speed possibilities of this configuration should not be 
overlooked. At high speeds two basic problems always 
confront the designer, first the reduction of drag and 
secondly the improvement of control. 

Improvement in high-speed control using the jet 
efflux has proved promising from both tunnel and 
limited flight tests. The spoiler method shown in Fig. 
517)" is effective over a wide subsonic Mach Number 
range and, from present indications, appears ade- 
quately effective at supersonic speeds. A spoiling or 
augmenting lift can be obtained by ejecting upward or 
downward as shown in Fig. 5. Rolling control has been 
tested in flight by ONERA" as an extension of the jet 
wing concept. The jet flap air source in this case was 
approximately 1 per cent bleed of the turbojet engine 
and was directed to the trailing edge of the inboard 
flaps held at zero deflection. 
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Fic. 5. Effect of jet control on lift. 


NACA tests of blunt trailing-edge airfoils with exiting 
jet sheet have shown improvements in drag.*.*! 
Similar results were obtained by ONERA with a 
blunted, 10 per cent thick wing of aspect ratio 3.'° It 
has been found that the reduction in drag due to the 
exiting jet sheet is slightly greater than C, because of 
improvement of flow at the blunt trailing edge. This 
improvement continues up to the highest Mach Num- 
ber tested (Z = 0.91). The presence of shock waves 
did not disturb the propulsive jet at the trailing edge. 

Increasing the jet angle to 29° produces a lift increase 
accentuated by compressibility, and a net propulsive 
force is obtained despite the increase in induced drag. 
For larger angles of 6, lift is increased to 0.84.M and drag 
increases beyond 0.75M. The lifting efficiency, / at 
M = 0.75 for a C, = 0.023, is approximately 17, which 
is very high. At this Mach Number, however, the C, 
would correspond to considerable thrust for conven- 
tional wing areas. 

Since the momentum coefficient C, is a function of 
velocity and reference wing area, it may be in order to 
define this parameter in more familiar terms. From 
Eq. (1) 

C, = mV;/(p/2V*S) = T/qS (2) 
For level flight the lift coefficient is as normally defined. 
Cr. = W/qS (3) 


From Eqs. (2) and (3) C, may then be defined as a 
function of the thrust-weight ratio, as 


C, = (T/ W)C, (4) 
Fig. 6 graphically connects the general relations of the 
parameters C,, Ci, 7/W, and W/S. 

Before a solution can be obtained for a jet wing con- 
figuration, the C,-C, relation of the wing must be de- 
termined. From test results*®: ** the required values 
may be obtained for various jet angles. From these 


data the circulation lift increment can be determined 
from the relationship 


CL = (0 85)(C1,.)s5 (5) 


The total lift is obtained after determining the circu- 
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lation lift, by the addition of momentum lift, and the 
lift due to the basic airfoil at an angle of attack, as 


= Cic,-0 + 35(8 85) + C,(sin@+a) (6) 


The graphical solution of the equations is illustrated 
by Fig. 7. The example selected is for a jet wing of 
aspect ratio 6 at zero angle of attack; for two jet de- 
flecting angles, @ = 85° and 45°; and for two values of 
thrust to weight ratio, 7 W = 0.25 and 0.50. For 
wing loading of 60 Ibs. ft.*, level flight speeds at sea 
level of approximately 50 knots will be realized for 7) WW’ 
= (0.25 or 39 knots for T7/W = 0.50. This exercise is a 
simple illustration of the jet wing potential with respect 
to low speeds. Thrust recovery considerations must be 
taken into account for take-off, wave-off, and engine- 
out conditions, hence the choice of jet angle must be 
determined by other than lift considerations. 

The aerodynamic, thermodynamic, and structural 
problems of the jet wing are only now receiving serious 
attention. From all present indications the advantages 
of the jet wing merit the required research effort to 
bring a practical configuration to the operational stage. 
Until aircraft power can be utilized for antigravitational 
effects, the jet wing offers an attractive means for ef- 
ficiently utilizing power during all regimes of flight. 
Epitor’s Note: Attention of the reader is invited to 
the following presentation at the Annual Meeting which 
was made as a contribution to the investigations dis- 
cussed herein. 
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Some Remarks on the Jet Wing and VTOL Aircraft 


D. Kiichemann* and E. C. Maskell** 
Royal Aircraft Establishment 


a it may be usual to consider the ‘‘jet flap” 
or “jet wing” in the context of VTOL and STOL prob- 
lems, it is worth remembering that it can also be re- 
garded as one solution of a wider problem—namely, the 
integration of the lifting and propulsive systems of an 
aircraft. Such a concept naturally includes the prop- 
erty that the take-off and landing performance of the 
aircraft is less limited than with a conventional design. 

In the conventional approach, the means of produc- 
tion of the lift and thrust forces are considered sepa- 
rately. This appears ‘unnatural’ if one considers the 
flying animals which invariably operate with an inte- 
grated system.' Special biological conditions lead to 
limitations to which engineering techniques are not 
subjected so that the engineer need not copy the birds 
in order to obtain the same results. This leads to the 
“thrust wing,’ a typical VTOL aircraft—in effect, a 
helicopter at take-off and landing and a lightly loaded 
propeller in pitch with a high rate of advance in level 
flight. The theory of such wings was brought to about 
the same level as classical airfoil theory.* 

A more compact arrangement is obtained if the 
‘““wing’’ is enclosed in a fairing so that the interference 
between the wing system and the fairing (annular) is 
such that the latter takes part of the thrust and lift 
forces. A theory of such a ducted airscrew exists,‘ and a 
VTOL aircraft on this basis was proposed as long ago as 
1944 by Betz and Reiniger.’ This line of development 
leads to the ‘‘coleopter.’"® There is also a good deal of 
unpublished work done on these problems in the United 
Kingdom during this time. 

The interference may be such that the actual forces 
are carried entirely on the fairing——as with the ram- 
jet—and the fairing need not be annular but can take 
the shape of a flat wing. This leads to the ‘‘jet wing,”’ 
which has been discussed in this context with particular 
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reference to duct losses which necessarily become im- 
portant.”) 4 With this use of the jet—which is not 
boundary-layer control —it is possible to achieve a large 
asymmetry in the flow and hence very high lift forces 
while retaining a large proportion of the thrust. These 
important properties—viz., the powerful circulation 
control and thrust recovery —were recognized and de- 
veloped by Davidson* in the ‘‘jet flap’’ scheme. 

After Davidson's demonstration of the possibilities of 
the jet flap, interest at the Royal Aircraft Establish- 
ment was directed toward the develoment of a theoreti- 
cal background, the results of which can be summarized 
as follows: 

(1) Consideration of the basic physics of the flow 
clarified the relations between the forces on the airfoil 
and the jet parameters.’ This included the relation be- 
tween the circulation about the jet and its momentum 
and curvature and also established that the momentum 
of an infinitely thin jet is necessarily constant along its 
length. 

(2) On this basis, classical theory was extended to 
deal with the case of a thin airfoil with an infinitely thin 
jet emerging at a small angle from its trailing edge.'” 
This theory led to the formula 


Cr = A(Cy)r + B(Cr)a 
where 


A(C;) = + 0.325C, + 0.156C7” 
B(C,) = + 1.152C,' + 1.106C, + 


approximately, and where 


C, = overall lift coefficient 

M, 

Cy = >>. = momentum coefficient 
(1/s) p 

7 = deflection angle of the jet 


(3) The same theory has also been extended to include 
the thin airfoil with a hinged flap."! 

(4) A method for the rapid calculation of the pressure 
distribution over the airfoil for given values of lift and 
thrust has been developed.'? In this method, account 
can be taken of thickness, camber, and three-dimen- 
sional effects, provided that the latter are known. 

(5) Three-dimensional wing theory has been ex- 
tended to cover the jet flap problem.'* The main result 
of this is that the induced incidence of the wing is re- 
duced by the blowing, but the effectiveness of the jet as 
a lift augmenter is also reduced as a result of the finite 
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span. Ata given lift, the induced drag is smaller than 
for a plain wing, according to the formula 


C;? 


C = 
: + 2C, 


On this basis a coefficient for the viscous form drag 
can be defined as 


where Cp = Cy, — Cr = total drag of the three-dimen- 
sional wing, C, = ideal thrust of the two-dimensional 
section in inviscid flow, and C; = resultant thrust force 
on the three-dimensional wing. Analysis of the few 
available experiments suggests that Cp) is independent 
of aspect ratio and incidence, provided that significant 
flow separations on the wing are avoided. 

Apart from the obvious advantage of the jet flap sys- 
tem that it can lead to an aircraft where the means of 
producing lift and propulsion are integrated, several aero- 
dynamic advantages have become apparent. The 
saddleback chordwise loading, which is typical of the air- 
foil with jet, allows C, values to be obtained without 
flow separation, which can be about twice as high as 
when the lift is created by putting the airfoil at an 
angle of incidence. Further, this particular type of 
loading, with its rear suction peak not easily affected by 
flow separations, allows the use of thickness and camber 
near the leading edge to an extent which is not normally 
possible on ordinary airfoils, whereby the lift obtainable 
is increased further. Lastly, when separation near the 
leading edge occurs, the resulting bubble can be shorter 
and the leading-edge suction higher than on ordinary air- 


A 


foils, again because of the basic saddleback loading. 

Altogether, it would appear that the thrust wing— 
possibly in the form of the coleopter—and the jet wing 
are the most promising extremes of integrated aircraft 
systems. 
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INTRODUCTION 


1. RECENT YEARS, flutter has grown from a problem of 
secondary importance into one of the most fundamental 
considerations in the design of high-speed airplanes 
and missiles. This evolution in the importance of the 
flutter problem has resulted in greatly expanded efforts 
on the part of both industry and research to find means 
of adequately assessing the effects of flutter at an early 
stage in a new design and to determine methods by 
which the design may be constantly checked as it 
progresses ultimately to the flight-test stage. These 
activities have yielded a number of significant improve- 
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Fic. 1 (/eft). Vertical tail installation on general-purpose rocket sled. 
rocket sled 


It is pointed out that sled testing 
performs a dual function 

for the flutter engineer—a check 

on the theoretical calculations 

and a final measure of the margins 
of safely of the new design. 


The Application of Rocket Sled Techniques to Flutter Testing 


W.R. Laidlaw* and V. L. Beals, Jr.** 


North American Aviation, Inc. 


ments in flutter theory, and, in particular, the field of 
unsteady aerodynamics has been notably expanded by 
this work. Developments in experimental methods 
have tended to parallel the theoretical research as 
evidenced by the increased use of wind-tunnel facilities 
for the determination of the flutter characteristics of 
models over wider ranges of Mach Number and the 
availability of experimental equipment which enables 
more accurate and refined vibration testing both on the 
ground and in flight. As a logical part of these develop- 
ments in test methods there has come finally a new and 
promising tool for the flutter engineer—namely, the 
rocket sled. The rocket sled flutter test fills a wide gap 
in the flutter design process which now, and in the future, 
must be based on a “‘concept to flight’’ philosophy. 
It is the purpose of the present paper to review the 
fundamental reasons for this type of testing and to 
outline a number of the details of the test methods and 
equipment which are currently employed in the accom- 
plishment of such tests. 


Fic. 2 (right). Horizontal tail installation on general-purpose 
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THE ROCKET SLED FLUTTER TEST 


Up to this time, there has never existed for the flutter 
engineer a test technique which would enable flutter | 
actually to occur on a full-scale structure. He has 
been forced to rely, for a quantitative prediction of the 
flutter condition, on theoretical analysis and model 
data as confirmed by full-scale vibration checks on the 
ground and in noncritical portions of the flight regime. 
With the advent of high-speed track facilities, however, 
this latter type of test has become a reality, and it has 
now become possible to evaluate the flutter characteris- 
tics of a new design on the full-scale article without 
risking the possible loss of an aircraft or human life. 

There exists a direct correspondence between strength 
design and flutter design, and prior to proceeding with 
a detailed discussion of rocket sled flutter tests it is 
well to point out that this type of test has an exact 
counterpart in the field of structural strength determi- 
nation—namely, the well-known static test to destruc- 
tion. It should be noted that both tests are based on 
an identical philosophy and that both fulfill a similar 
purpose in the process of evolving and proving a given 
structural configuration. Both tests have two main 
objectives. The first of these is to permit an evaluation 
of those effects which cannot be accounted for on the 
basis of theory or by the use of model tests. These 
may include such items as abrupt structural discon- 
tinuities, hysteresis, and nonlinearities in the control 
system. The second purpose of these tests is actually 
to determine the exact conditions for structural failure 
and hence to establish without doubt the true margins 
of safety. Both the rocket sled flutter test and the 
static strength test are usually performed at a stage in 
the design at which the structural configuration may 
be considered as final. Ideally, such tests should be 
conducted in advance of the first flight of the prototype 
and under no circumstances should the flight program 
be extended to include the maximum load and _per- 
formance limits until the strength and flutter tests have 
been completed. 

In a rocket sled flutter test, the test component is 
mounted on a rocket-propelled vehicle in a manner 
which adequately reproduces the details of the actual 
aircraft installation. (Typical installations are shown 
in Figs. 1 and 2,) This includes not only the attach- 
ment structure but also a fully operative control system 
complete with all the necessary actuating devices and 
accessories. In many cases, it may be necessary to 
employ a major portion of the actual aircraft structure 
in order to realize the desired degree of simulation. 
For example, in performing flutter tests on tail struc- 
ture, the complete rear fuselage may be incorporated 
into the sled configuration if the aerodynamic and 
structural effects of the fuselage play a significant part 
in determining the flutter stability of the tail. 

The test program itself consists of a series of runs 
which are conducted in a ‘build-up’ fashion to succes- 
sively higher and higher speeds until flutter is obtained 
(Fig. 3) or until the test article has demonstrated an 
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Fic. 8. Flutter damage. 


adequate margin of safety. Adequate excitation of the 
lifting surface normal modes is obtained from the small 
random vertical and lateral motions of the test carriage. 
It is apparent that the results of the flutter test are 
strictly applicable to the airplane only at an altitude 
corresponding to the elevation of the test facility above 
sea level. This apparent disadvantage of the method 
is offset by two factors: 

(1) It is possible to predict altitude effects on flutter 
with a reasonable degree of certainty by theoretical 
means. 

(2) In most practical cases the critical flight condition 
for flutter occurs in the transonic range at low altitude, 
hence the sled test will reproduce very closely the 
actual flight situation upon which the flutter design is 
based. 

The major problems in a rocket sled flutter test 
arise as a result of the fact that the pertinent flutter 
data must be obtained in a very short interval of time 
and recorded at a location remote from the test speci- 
In addition, the speed time history of the sled 
must be very carefully programed in order to ensure 
that a steady speed build-up is achieved from one run 
to the next. This necessitates a careful choice of the 
rocket configuration and the firing sequence. Finally, 
the high-speed portion of the run must be carefully 
controlled in order that the sled may be safely stopped 
in the available track length without imposing extreme 
loads on the structure of the test article or carriage. 


men. 


THE TEST SLED 


In undertaking rocket sled flutter tests, careful 
attention must be given to the design of the test vehicle 
since the ultimate success of the program will depend, 
to a great extent, on this single item. Flutter test 
sleds may be classified as general-purpose or special- 
purpose vehicles. The general-purpose sled is em- 
ployed normally in test programs where several lifting 
surfaces of comparable size are to be evaluated and 
where the flutter characteristics of these surfaces do 
not depend primarily on such factors as fuselage 
flexibility, rigid body motions, or aerodynamic inter- 
ference from other parts of the air frame. This type 
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of sled serves as a common carriage for all of the test 
articles, and, in general, it greatly eases the problems 
of instrumentation, rocket installation, and_ ballistic 
performance estimation. In addition, the overall 
program is expedited considerably by the use of such a 
vehicle. Figs. 1 and 2 illustrate typical flutter test 
installations on a general-purpose rocket sled. The 
special-purpose sled, on the other hand, is used in cases 
where the duplication of a major portion of the air 
frame is deemed necessary in order to obtain realistic 
test results. In such instances, the sled and lifting sur- 
face are designed normally as an integral unit. The in- 
stallations of rocket motors and instrumentation mst be 
suited to the configuration of the test article, and they 
must involve minimum aerodynamic and structural 
modifications. This latter type of sled is normally of 
use only in a single-test program, hence much care must 
be taken with the performance calculations in order to 
ensure a uniform speed build-up at a reasonable rate. 
The performance estimation problem is not as acute for 
the general-purpose sled since data from previous tests 
will lend increased precision to the analysis. 

Regardless of the particular type of test sled employed 
in a given program, there exist a number of common 
features and functions which should be kept in mind 
when proceeding with the sled design. The sled will 
carry normally a complement of rocket motors which 
must be easily installed, readily accessible, and suitably 
wired for multistage firing. In addition, the test vehicle 
must house all the necessary instrumentation and 
associated power supplies. This will include, in most 
cases, a reasonably comprehensive telemetering setup, 
high-speed cameras, and appropriate range timing 
devices for speed determination. — If aireraft accessories 
or components are to be carried, sufficient space must be 
provided for the installation of this equipment. Exter- 
nal electrical knife contacts must be fitted in order to 
initiate specific events during the run. Finally, it will 
usually be necessary to make provision for some form 
of braking device such as a water brake or reverse 
thrust rocket in order to ensure a safe recovery of the 
vehicle and its contents. 

The structural criteria used in the design of the rocket 
sled structure are straightforward and simple. The 
primary structure must be capable of withstanding the 
loads imposed during starting and braking. It should 
be noted that for specified maximum speeds on a 
particular range these loads are in direct proportion to 
the total weight of the sled, test article, rockets, in- 
strumentation, and associated equipment; hence, 
special attention must be given to weight growth at all 
phases in the design. 

In order to have the test successfully concluded, 
destructive flutter of the lifting surface must occur. 
This requires that the basic sled structure be capable 
of enduring loads in excess of those required to fail 
the test article. These loads may be estimated with 
reasonable accuracy from a knowledge of the static 
strength of the lifting surface, and they should be 
applied in a direction consistent with the mounting of 
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the surface on the carriage. The fact that flutter 
failure of the test surface is anticipated poses still 
another consideration in the sled design. Such failures, 
when they occur, are frequently quite violent, and there- 
fore the external surfaces of the sled should be ade- 
quately designed to prevent major damage from flying 
debris. If at all possible, external equipment such as 
camera, telemeter antennas, and electrical contacts 
should be located in areas where the possibility of dam- 
age from this cause is remote. If this is not practical, 
suitable protective shields should be provided. 

The aerodynamic features of the sled are as important 
in contributing to the ultimate success of the flutter test 
as the structural characteristics. The flow in the 
vicinity of the lifting surface must closely duplicate 
that which would be obtained in flight, hence aero- 
dynamic interference arising from the carriage, external 
equipment, rocket blast, and the ground must be kept 
toa minimum. In addition, the sled itself should be 
designed for minimum aerodynamic drag in order to 
reduce the thrust requirements and thus ultimately the 
total weight. External protuberances should be avoided 
if possible, and, in the event that they are necessary, 
suitable streamlining should be provided. Care should 
be taken to avoid “choking” between the bottom of the 
sled and the ground at transonic speeds since this will 
give rise to major increases in drag. This phenomenon 
may be avoided to some degree by providing for flow 
escape in this area. This may be accomplished by 
venting the sled bottom, raising the bottom above the 
rails, or the use of a ‘‘Vee"’ bottom. For sleds designed 
to operate in the transonic range, it is conceivable that 
some measure of drag reduction could be achieved by 
utilizing the area rule concept as applied to high-speed 
aircraft. Supersonic drag, on the other hand, may be 
minimized by the use of high fineness ratios, small 
wedge angles, and the general avoidance of contours 
which would tend to produce strong shock waves. It 
should be noted that, in addition to minimizing the drag 
which results from the sled shock patterns, clean 
aerodynamic design will generally reduce unwanted 
aerodynamic interference with the test article. 


INSTRUMENTATION AND DATA REDUCTION 


The success of any engineering test depends not only 
on the reproduction of a realistic environment but also 
on the adequate determination and interpretation of 
the physical behavior of the test specimen. The 
rocket sled flutter test is no exception in this respect, 
and suitable instrumentation is necessary in order to 
observe and measure the motions of the lifting surface 
during the entire high-speed portion of the run. In 
addition, a continuous record of range time, distance, 
velocity, and acceleration suitably correlated with the 
remaining data must be obtained. 

In flutter, the motion of the structure is of primary 
concern, hence the test measurements will be devoted 
to a determination of the flutter mode shape, the flutter 
frequency, and the speed at which the instability occurs. 
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The mode shape and frequency may be readily ob- 
tained if time histories of the structural deflections 
at a number of points on the surface are known. For 
this purpose, either accelerometers or strain gages may 
be used. 

+ Regardless of the type of transducers which are pro- 
vided in a specific test, a suitable means of transcribing 
and recording the transducer output data must also be 
incorporated into the overall instrumentation system. 
This may take the form of sled-borne recording equip- 
ment of either the photographic or electromagnetic 
type. This method has the distinct advantages of 
simplicity and compactness, although all too often the 
equipment is not designed to function under the load 
and acceleration conditions which normally accompany 
a high-speed rocket sled test. Asa result of this latter 
fact, the recording equipment must be stationary and 
thus remotely located from the sled itself. The direct 
connection between the transducing and_ recording 
elements must then be provided by a_telemetering 
system. This involves the installation of the necessary 
oscillators, transmitters, antennas, power supplies, 
and cabling in the test sled; and it requires the provision 
of a ground receiving station complete with discrimi- 
nators and recording devices. A typical sled-borne 
telemeter system is illustrated in Fig. 4. 

As a further aid to determining the nature of the 
lifting surface motions during flutter, high-speed 
photography is invaluable. Cameras may be mounted 
on the sled in order to view the test surface in its own 
frame of reference, and they may be placed in fixed 
installations along the track. In the latter case, the 
range distance and field of view are preset on the basis 
of the best available prediction of the sled position at 
the time of flutter. The frame speed of the recording 
cameras must be sufliciently high to permit an adequate 
examination of the motion on an extended time scale. 

The maximum frame speed is set by the available 
length of film and the required duration of camera 
coverage. Adequate allowance must be made in the 
camera running time for the initial acceleration 
period which is necessary in order to bring the sled 
up to speed, for the high-speed portion of the run and 
for at least 1 sec. of the coast phase. The sled-borne 
cameras are normally started as a part of the initial 
firing sequence since any attempt to start the equipment 
during the acceleration phase will usually result in 
either mechanical malfunctions or a prolonged run-up 
to the desired frame speed. Electrical power to each 
camera must be shut off prior to the end of the sled run 
in order to prevent excessive damage to the free end of 
the exposed film as it revolves on the take-up spool. 

In addition to the above instrumentation which is 
used to measure and record the flutter motions of the 
lifting surface, further equipment must be provided 
to enable an accurate determination of range distance, 
range time, velocity, and acceleration. It is extremely 
important that these data be suitably correlated on 
a time or distance basis with that which is obtained 
from the other test instruments. It is conventional 


6] 


tenn 


Fic. 4. Typical telemeter installation. 


to employ fixed track equipment for the primary 
determination of distance-time data and the associated 
derivatives. 

Time correlation with the photographic data is 
obtained by the use of a high-frequency timing light 
which marks the film at regular time intervals; and the 
corresponding distance correlation may be accomplished 
by the use of visual displays at fixed stations along the 
track. It should be noted that the camera frame 
speed should not be depended upon to give a reliable 
measure of elapsed time since this will vary somewhat 
with supply voltage, film length, and sled acceleration. 

A final and important part of the instrumentation 

in any rocket sled test is the meteorological equipment 
for the determination of atmospheric conditions pre- 
railing at the time. These data consist of wind veloc- 
ity and direction, barometric pressure, and tempera- 
ture. From this, the sled velocity at the time of flutter 
may be corrected to equivalent still air conditions and 
the flutter Mach Number and indicated air speed may 
be determined. This equipment should, if possible, 
be located near the expected flutter point and should 
be monitored continuously before and during the test 
run. It should be noted that last minute changes in 
the rocket motor configuration may result from varia- 
tions in the atmospheric conditions. 


OPERATIONAL TECHNIQUE 


It has been previously mentioned that the rocket 
sled flutter test must be conducted in a “build-up” 
fashion. In such a procedure, the speed is increased 
gradually from a value well below the expected flutter 
speed until the final flutter condition is reached. This 
is done in a series of successive runs with the maximum 
speed in each run set to exceed that of the previous 
run by some reasonable increment. The size of these 
increments and the maximum speed that may be 
attained in a given test program are determined in- 
variably by the sled characteristics and the total length 
of track available. The sled run is composed of several 
phases, and the sum of the track distances required 
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Fic. 5. Velocity-distance plot, typical rocket sled flutter run 


for these various phases shall not exceed the overall 
track length. 

In general, a typical sled run in a flutter test program 
will consist of (1) one or more initial acceleration 
phases, (2) a final low acceleration phase terminating at 
the maximum speed desired for the run, (3) the coast 
phase, and (4) the braking phase. (See Fig. 5.) 

During the initial phases of the run, the object 
is to bring the sled to a datum speed at which 
point the low acceleration phase can be initiated. 
In order to conserve valuable range distance, the 
accelerations during the initial phases should be as 
high as the structure of the sled and test article will 
permit. Frequently, it is necessary to employ two or 
more stages in order to maintain the allowable accelera- 
tion for a sufficiently long period of time to reach the 
required datum speed. The length of any given stage, 
of course, is determined by the rocket burning time. 
Multistage operation in this phase of the run is often 
accomplished by the use of a separate ‘‘booster’’ 
sled. In this case, the auxiliary sled carries only rocket 
motors, and these are fired as the first stage. The 
advantage of this method is that the burned-out 
first-stage rocket motors do not constitute dead weight 
items which must be accelerated by the later stages 
since the booster is physically disconnected from the 
main sled at the instant the second stage is fired. The 
main sled weight is reduced by this type of operation, 
hence a net saving in the thrust required for the later 
stages is afforded. This, in turn, permits a further 
weight-saving by enabling a reduction in the number 
of rocket motors which must be carried on the test 
vehicle. It is always advantageous to minimize sled 
weight in order to permit an increase in the allowable 
braking decelerations and thus a shorter braking dis- 
tance. A reduction in the number of main sled rocket 
motors also reduces the complexity and size of this 
vehicle-——an asset which cannot be overlooked. 

As mentioned above, the initial acceleration stages 
terminate with the attainment of a datum speed from 
which the test vehicle is accelerated slowly to the 
maximum speed for the run. The acceleration in this 
latter phase is of the order of 1g, and the speed incre- 
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ment from datum speed to maximum speed should not 
exceed 40 knots. This procedure is adopted in order 
to permit a smooth and continuous coverage of the 
subcritical speed range up to the flutter condition and 
a more precise determination of the speed at which the 
instability occurs. It is apparent that this objective 
may be achieved if the datum speed for a given run is 
set equal to the maximum speed obtained in the pre- 
vious run. The speed build-up from one run to the 
next is accomplished, therefore, in the final low acceler- 
ation phase. This particular method has been found 
superior to the so-called ‘‘stepwise’’ technique in which 
the maximum speed is reached at the end of the high 
acceleration phase and then sustained at a nearly 
constant value for a brief period of time. In this latter 
procedure, the maximum speed and the datum speed 
are essentially equal. It has been found from wind- 
tunnel, shock-tube, and early sled flutter tests that, 
when a lifting surface is accelerated rapidly, the flutter 
speed will be substantially increased above its ‘steady 
state’ value. In airplane design, it is this minimum 
flutter speed which is of importance, hence any test 
technique which employs rapid accelerations into 
previously unexplored speed ranges may yield mis- 
leading results. The stepwise method accomplishes 
the speed buildup by merely extending the duration of 
the high acceleration phase from one run to the next. 
Unless the speed increments used in this process are 
extremely small, a strong possibility exists that the 
desired flutter speed will be reached and surpassed in 
the acceleration phase. In such a case, flutter will 
not occur until the maximum speed for the run is at- 
tained and the acceleration drops to zero during the 
sustained speed phase. Under these conditions, the 
maximum sustained speed will exceed the critical 
speed for flutter and an extremely violent divergent 
motion of the lifting surface will result. The actual 
flutter speed can never be determined precisely by the 
stepwise method since it will invariably fall between 
the maximum speed obtained in the final run and the 
maximum speed of the run immediately preceding in 
which stability was observed. The accuracy of flutter 
data obtained in this manner is dependent, therefore, 
on the magnitude of the speed increments which are 
used in the build-up process. If the increments are 
large, a high degree of uncertainty will surround the 
final answer, whereas if the speed increments are re- 
duced in size for reasons of accuracy, a large number 
of sled runs will be required in order to cover a given 
speed range. Further, it should be pointed out that 
the accuracy of the methods which are used to predict 
the sled performance in advance will, to a large extent, 
set a lower limit on the size of these speed increments. 
The “low acceleration” technique permits the coverage 
of a wide speed range with relatively few runs, and yet 
in any given run it allows ample time for flutter to occur 
under essentially steady-state conditions. 

When the last stage of rocket motors has burned out, 
the coast phase begins. This phase ends when the 

(Continued on page 77) 
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Reliability of electrical control systems has been improved considerably 


thus far, and efforts are continuing. Al such lime that the 


reliability of electrical control systems can be made to equal that 
of mechanical systems, tt is firmly believed that all high-performance 


aircraft will be* flying by wires.’ ~ 


Analysis of an Electrical Flight-Control System 


for Interceptor-Type Aircraft 


E. Price* and R. Westerwick* 


Convair, A Division of General Dynamics Corporation 


INTRODUCTION 


a San Dieco, A Division of General Dynam- 
ics Corporation, has believed for some time that air- 
planes would some day use “‘fly by wire’’ control sys- 
tems. Because of this belief, a program for research 
and development of an electrical primary control sys- 
tem for advanced aircraft was initiated. 

The control problems which led to serious considera- 
tion of electrical systems are many and varied. An 
example is that of making a control system which will 
enable the pilot to fly equally well throughout the entire 
flight regime of the aircraft. For transonic flight at low 
altitudes, where control surfaces are extremely effec- 
tive, the control system should move the surfaces very 
slightly for an incremental pilot force. However, at 
take-off, large surface deflections are required. Thus, a 
factor of 20 may exist in the force-displacement gra- 
dient between these two conditions. This basic require- 
ment presents control problems which—-when comphi- 
cated with long fuselages, engine vibrations, divergent 
phugoid conditions, cockpit capsule design require- 
ments, bob-weight effects, altitude, temperature, and 
radiation—can make it difficult to design a satisfactory 
mechanical control system. 


SYSTEM DYNAMIC ANALYSIS 


Several types of electrical control system were con- 
sidered. These may be described briefly as (a) an elec- 
trical equivalent of a typical mechanical system, (b) a 
closed-loop system using an airplane rate feedback, 
and (c) a closed-loop system using an airplane position 
feedback. 

Considering the merits of these systems by analysis, 
we decided that the advantages offered by a closed-loop 
rate feedback system warranted an intensive study to 
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determine the applicability of this type of system to 
high-speed, high-altitude aircraft. Some of the advan- 
tages of this type of system are a fully maneuverable 
airplane, a minimum of programing to obtain the de- 
sired flying characteristics (constant stick force per g 
and positive trim stability), reduction of weight over 
the mechanical system, and a degree of flexibility pre- 
viously unobtainable with control systems. 

This rate feedback system was then examined in order 
to determine the most efficient form of feedback to be 
used. To select the gains that should be used, an 
analog computer was employed to simulate a typical 
airplane and its control system. The flight conditions 
which were initially investigated were such as to cover 
the flight range of present-day interceptors. The sys- 
tem which performed most effectively throughout the 
operating range is shown in Fig. 1. This system for the 
longitudinal mode is 


6,/6, = K, + (K2/S) 


For the flight conditions investigated, the most de- 
sirable gains for A, and A» were found to be 
For pitch 


= ().6 deg./(deg./sec.) 
2.0 (deg. /sec.) / (deg. /sec. ) 


| 


For roll 
AK, = 0.2 deg./(deg./sec.) 
K» = 0.6 (deg./sec.) /(deg./sec.) 
After these initial analog computer results were ob- 
tained, the system was tested by having pilots “fly” 
the simulated airplane. In order to give the pilot some 


Fic. 1. Block diagram of closed-loop system [where # = 6p — 
00; = Ki + (K2/S)]. 
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Fic. 2. Cockpit test stand. (For conventional stick details, 
refer to Fig. 3.) 


teel of actual airplane motion, a moving cockpit test 
stand was used to demonstrate and evaluate the various 
electric stick configurations. This moving cockpit test 
stand is shown in Fig. 2. The motion of the moving 
cockpit test stand was limited to one rotational degree 
of freedom which simulated the pitching motion of the 
airplane. The cockpit was moved by an electrically 
operated servovalve controlling a hydraulic actuator. 
The pitching rate of the cockpit was limited to about 
50 deg./sec., and this necessarily limited the natural 
frequency of the system to about | eps with a full cock- 
pit motion of + 10°. 

In addition to the cockpit movement, another hy- 
draulic actuator permitted the center stick in the cock- 
pit to be moved by another electrically controlled valve- 
actuator combination. The purpose of this was to 
allow greater flexibility in the representation of the 
stick motions to the pilot. The stick either could repre- 
sent any spring constant for the deflection vs. force 
gradient or could be made to represent pure surface 
motion reflected to the pilot. 

Two sticks were installed in the cockpit to allow the 
pilot to fly the electrical control systems with either a 
center or a side stick. These two sticks can be seen in 
Fig. 2. The force transducer in the main control stick 
may be clearly seen in Fig. 3. It was this force sensor 
which allowed any force gradient to be represented and 
also made possible the evaluation of a force stick steer- 
ing system. 


EVALUATION OF SYSTEMS 


To evaluate the relative merits of the various systems 
using different gains and different feedbacks, the fol- 
lowing method was used: A pilot was given a specific 
task to do for a certain time while a continuous disturb- 
ance was introduced to keep the task dynamic. An 
evaluation circuit was then used to measure the ef- 
fectiveness of the pilot and system combination. 

Two types of task were presented to the pilot— the 
first consisted of having a pilot attempt to hold a con- 
stant attitude to represent basic instrument flight, the 
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second increased the task difficulty as time progressed 
to simulate an interceptor closing on the target. Of the 
two tasks, the intercept problem was the more diffi- 
cult, and for that reason it was used more often. 

The continuous disturbances used were generated by 
a white noise generator. One type of disturbance used 
produced the effect of traveling through rough or gusty 
air. This would incessantly change the angle of attack 
of the aircraft which in turn would disrupt the attitude. 
In order to simulate reasonable gust conditions, the 
noise was filtered with a first-order low-pass filter of the 
time constant 7;. The value of t_ was nominally 
chosen to be 


tT; = 0.3/Mach Number 
and the equation for rough air disturbances was 


K 
1 + (0.3/Mach Number)S 
where A adjusted the severity of the gust conditions. 
Another type of disturbance used moved the target air- 
plane with a filtered function of white noise which cor- 
responded to evasive maneuvers of a target. 

The evaluation circuit used integrated the absolute 
error of the angle between the airplane x-axis and the 
line-of-sight to the target. The integral of the absolute 
value was chosen for two reasons: 

(1) It was easier to generate on the computer than 
the integral of the error squared {which, divided by 
duration of task, gives r.m.s. (root mean square) error |. 

(2) It presented the same information as does r.m.s. 
and can be linearly related to r.m.s. when the error can 
be assumed to have a Gaussian distribution. 

To present the two previously mentioned tasks to the 
pilot, two different displays were placed on an oscillo- 
scope. For the constant attitude task, the scope pres- 
entation consisted of a short line to represent the air- 
plane and a long line to depict the horizon. Two varia- 


Fic. 3. Conventional stick details. 
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tions to this display included an “inside-out” presenta- 
tion and an “‘‘outside-in”’ presentation. The inside-out 
presentation is interpreted to mean that the pilot is 
rigidly attached to the airplane and the display would 
be that part of the horizon which the pilot would see; 
the horizon would move while the airplane remained 
fixed in the middle of the scope. The outside-in display 
assumed that an observer was standing on the horizon 
directly behind the airplane, and the motions which the 
airplane performed, as seen from the observer's vantage 
point, were projected upon the scope. Both variations 
of the displays have been used, and it appeared to be 
personal preference that determined which presentation 
was used because both pilots and nonpilots like each 
type. 

The display for the intercept problem was slightly 
more complicated and is illustrated in Fig. 4. The 
steering dot represented the target airplane, and the 
task was to maintain the steering dot in the steering 
circle. The position of the steering dot corresponded 
to the angular error between the line-of-sight to the 
target and the airplane x-axis. The steering circle 
represented an error of about 0.75° from the airplane 
y-axis and did not move from the center of the scope 
during the tests. The range circle converged with time, 
and, when the range circle was the same size as the steer- 
ing circle, the display changed to an x to simulate fir- 
ing of the armament and completion of the task. The 
average time of task was | min. The horizontal refer- 
ence indicated the angle between the airplane y-axis 
and the plane of the horizon. The preference for an 
inside-out or outside-in display of the horizontal refer- 
ence again appeared to be a matter of personnel pref- 
erence, and again both methods were used. 

Results of using the integral of the absolute error 
(described earlier) as the scoring system indicated that 
use of the electric stick resulted in as good a score as it 
was possible to attain when using a perfect mechanical 
system. It was noted that pilots would invariably re- 
ceive a higher score than nonpilots although with con- 
tinued practice it was possible for the nonpilot to 
improve his score appreciably. There appeared to be 
a learning period of 2 or 3 min. (corresponding to fly- 
ing a l-min. task two or three times) before a person 
would begin to get consistent scores. This seemed to be 
as much the learning of the display as it was the control 
system because a learning period was necessary irre- 
spective of the control system being evaluated. No 
additional learning period was required when the con- 
trol system was changed after the person had been fly- 
ing the cockpit for an appreciable length of time (10 
min. or more). 

At one time the scoring system was so changed as to 
penalize the pilot more for errors made at either the 
beginning or end of the run than for errors during the 
remainder of the run. The penalty reduced the scores 
made, however the scores made with an electric control 
system were still comparable to those of the mechanical 
control system. By removing one of the arbitrary dis- 
turbing functions, the task became too easy and the 


OSCILLOSCOPE FACE 
RANGE CIRCLE 
STEERING DOT 


HORIZONTAL REFERENCE 
STEERING CIRCLE 


Fic. 4+. Scope picture for intercept problem. 


scores were too high to allow differentiation between 
different control system configurations. For this reason, 
a disturbing function was always used. 


STICK CONFIGURATIONS 


There are two basic types of sticks which have been 
proposed and tried with electrical control systems. One 
is a small formation type of stick which has no 
mechanical connections to the control surfaces. This 
stick can provide control to the airplane by electrical 
signals only although the electrical signals may be de- 
veloped by either force or displacement transducers. 
The other basic type of electrical control stick is one 
which utilizes the mechanical control stick and obtains 
electrical control signals by suitable force transducers 
on the stick. 

The use of both of these types has proved satisfactory 
for electrical control, but a problem arises when one 
considers the effects when the electrical system fails 
and a pilot is forced to revert to a mechanical system to 
“bring the airplane home.’ Again, this would be no 
problem if the designer were allowed the luxury of two 
control sticks, one mechanical and one electrical. For 
this case there would be no argument against the state- 
ment that ‘“‘both systems could be designed separately 
to give satisfactory flying qualities in each distinctive 
mode of operation.’’ However, pilots strongly object 
to changing sticks in time of emergency, and airplanes, 
in general, cannot stand the weight and cockpit com- 
plications involved in installing two sticks. Therefore, 
it appears more practical to plan to have one stick in 
the cockpit. 

The second type of stick, where a force transducer 
on the main stick provides the electrical signal, appears 
to satisfy the one-stick requirement for both modes of 
operation; however, this type of control has several 
basic deficiencies for flying in an electrical control mode. 
The first deficiency is that small surface motions, such 
as those generated by stability augmentation devices, 
are also reflected to the stick. This probably would not 
cause any pilot comment while he is flying in smooth 
air; however, in rough air the pilot’s hand would be in 
a constant state of agitation which, besides being 
annoying, has the possibility of exciting a residual os- 
cillation as the mass of the pilot's hand and arm gives 
signals through the force transducer which would rein- 
force the oscillations. The use of a series servo, when 
it is the only servo, does not alleviate this condition for 
any closed-loop control system, such as the one Convair 
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is investigating, because the signal which is controlling 
the airplane is necessarily the same signal used to pro- 
vide the airplane damping. By using both a series 
servo and a parallel servo, it is possible to low-pass the 
input to the series servo and high-pass that to the dif- 
ferential servo, thus obtaining the same overall gain. 
However, this method uses two servos to solve the prob- 
lem, and the solution is not considered as desirable as a 
method using only one servo. 

The problem with the normally disconnected stick is 
how it can be connected to the mechanical control sys- 
tem in time of emergency with a minimum of induced 
transients. One type of coupling considered would be a 
clutch type which would connect the stick and the link- 
age in their relative positions prior to engagement. 
This type would be the best as far as induced transients 
are concerned; however, in this case the possibility 
exists of having the surface hard over in one direction 
while the stick is hard over in the other direction. This 
means that the pilot would not be able to correct the 
airplane's attitude sufficiently to ‘‘fly it home” or even 
to level the plane enough so that he could eject and 
parachute to safety. The condition used as an illus- 
tration is Obviously the most critical which could occur 
although it is entirely possible that enough of a mis- 
match could occur in clutching which would not allow 
the pilot enough control to bring the plane back. This 
implies that a positive centering device is required. 
There are necessarily problems which come about in 
the design of a clutching mechanism to accomplish this 
requirement. If the centering device is made to center 
positively and fast, it is possible to give both the air- 
plane and the pilot’s arm a jolt which would be un- 
desirable. 

A possible solution to the objectionable surface feed- 
back to the stick in the force stick method is to develop 
some form of mechanical low-pass filter which would re- 
move the high-frequency components of the stability 
augmentation inputs. If this type of filter could be 
developed, it would appear possible to allow the stick to 
remain connected at all times. At the present time, 
this method of electric stick control is considered the 
most desirable. 

Another possibility is to rely entirely on the small 
formation-type stick. The emergency system would 
be a separate set of electrically controlled, hydraulic 
servoactuators that drive the main control valves and 
position the surfaces proportional to an electrical stick 
force signal. Part of the weight saved by eliminating 
cables, bellcranks, stick, mixer, and brackets could be 
used to provide a separate electrical power source for 
this system. By keeping the control functions simple, 
giving extra attention to the routing and mechanical 
protection of electrical cabling, and using servoactuators 
with mechanical follow-up instead of electrical feed- 
back, this system could be made extremely reliable. 
The advantages of the electric rate hold control system 
could then be fully exploited without mechanical inter- 
action of control surface motion. Both systems could 
use the same small stick. 
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STicK DAMPING 


A method to construct a low-pass filter to remove the 
high-frequency components of surface motion for a force 
stick has been devised which requires the installation 
of a viscous damper at the bottom of the stick. This, 
when coupled with a suitable spring constant in the 
linkage, would give a low-pass filter to the grip of the 
stick. The moving cockpit test stand was used to 
determine the time constant (7,) of the filter which 
could be used. Various values of damping were tried 
with 7, varying from 0.1 to 2.0 sec. In the course of 
these trials, it was discovered that too long a time con- 
stant would also produce undesirable results. When 
the time constant was too long, it required too much 
time for the stick to start moving after the pilot had 
initiated a maneuver through the force transducer. It 
was possible for this condition to exist to such an extent 
as to be distracting and misleading. If the time con- 
stant was too short, it did not remove enough of the 
high-frequency surface motions. It was found by ex- 
perimentation that pilots preferred a time constant 
ty = 0.3 to 0.5 sec. while nonpilots flying the cockpit 
preferred +, = 0.6 to 1.0 sec. The introduction of a 
filter of this type aided only slightly in increasing the 
evaluating scores over those which were obtained with- 
out the filter for the flight conditions investigated. The 
scores obtained with the filtered control appeared to 
be the same as those obtained with a disconnected stick. 


RELIABILITY SUMMARY 


It is believed that the main reason for the reluctance 
to use electrical control systems in present-day airplanes 
is that electrical components are relatively unreliable 
as compared with mechanical components. For this 
reason, a program to study possible ways to improve 
the reliability of control system electronic equipment 
was instigated. 

The study was essentially directed toward methods 
to improve the reliability of circuitry by different ar- 
rangements of components. The studies showed that 
the greatest improvement was obtained when sections 
were paralleled as much as possible with a monitor for 
each section and provisions made to remove the parallel 
portion in case of itsfailing. It was also concluded that 
underrating components (from the viewpoint of power) 
tended to improve the reliability, as did the use of 
transistors and magnetic amplifiers wherever possible. 

One of the systems which evolved from the reliability 
studies was also simulated on the analog computer. 
This system is basically the same as the original except 
that, instead of an elevon position (6,), an elevon rate 
(6,) is required. This makes possible the utilization of 
the hydraulic control system as an integrator. The 
pitch control equation, as previously stated in Fig. 1, 
1S 


= K, + (K2/S) 


This may also be written 
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6./6. = (KiS + K2)/S 


Now, for the purpose of this derivation, it can be 
assumed that 


6, Actual = [1/(1 + 7S) ]é, Desired 


where 7 equals the hydraulic time constant, which for 
this case was assumed to be 0.06 sec., so 
6. KiS + Ke + 71S) 
Actual = = — ———_ 
6, S (1475) 
where 71 = Kj/K2. 
Using the values for A,, Ay, and 7, the electric stick 
system reduces to 


5, Actual/é, = {(1 + 0.3S)/(1 + 0.06S)] 


which is an easily obtainable transfer function. This 
method eliminated the need for surface position instru- 
ments, an integrating motor, an output transducer, and 
the associated wiring. 

A great deal of apprehension is felt by many people 
at the thought of removing the electrical surface feed- 
back loop in the full authority electrical control mode. 
The purpose in proposing this removal for the electric 
stick system is the great simplification which results. 
By the simple process of removing the surface feedback 
and driving the servoactuator with an amplifier, it is 
possible to use the hydraulic system as the necessary 
integrator. By this change it is possible to remove two 
components which may be considered unreliable—the 
surface feedback transducer and the mechanical inte- 
grators. It is felt that, instead of reducing the relia- 
bility by this omission, the reliability is considerably 
increased with no loss of safety or deterioration of flying 
qualities. 

As a direct result of the reliability studies performed, 
Convair has studied two types of circuit which are con- 
sidered extremely reliable. Following is an explanation 
of the advantages and disadvantages of these systems: 

(1) One system uses a.c. transducers for both the stick 
input and the feedback signal. These signals are series- 
summed and fed into an a.c. transistor amplifier. The 
output of the amplifier is then summed with the out- 
puts of identical parallel stages into another transistor 
amplifier which goes into a ring demodulator. The d.c. 
signal from the demodulator then travels through a 
passive forming network into the control valve. A 
diagram illustrating the operation of this unit is shown 


Fic. 5. Input circuit for improved reliability (first system 
described). 


Fic. 6. Input circuit for improved reliability (second system 
described). 


in Fig. 5. An advantage of this system is that it uses 
transistor amplifiers throughout, making possible the 
potting of the complete unit. A disadvantage of this 
system is the change of system gain if any unit becomes 
inoperative. In order to maintain constant loop gain, 
some form of monitoring-switching device (not shown) 
must be incorporated. Another disadvantage of this 
circuit is the difficulty with which different signals are 
summed. In order to sum signals which have different 
voltage gradients, transformers must be used, and dif- 
ferent transformers must be used in order to change the 
contribution of the different inputs. 

(2) The second system is slightly different in the input 
stages. The signals from the a.c. stick force trans- 
ducer and from the a.c. feedback transducer are both 
biased with a.c. The biased a.c. voltages are then put 
into a step-up transformer. The output of the trans- 
former is rectified and summed to the grid of a cathode 
follower stage. From the cathode follower the signal 
goes into the passive forming network and then into 
the control valve. A diagrammatic illustration of this 
system is shown in Fig. 6. The reliability of this sys- 
tem comes from the fact that numerous input stages 
may be summed, and nothing happens to the system if 
one stage goes out. The advantages of this system 
are that, if a combination of feedbacks is used, the 
ratio of the contributions of each may be changed by 
merely changing the summing resistors, and the system 
gain is unchanged if an input to the system goes out. 
One disadvantage of this system is that a cathode fol- 
lower is required in order to obtain the high-input im- 
pedance which is necessary to sum the inputs effectively. 
This immediately rules out the possibility of using a 
transistor or magnetic amplifier stage. Another dis- 
advantage of this system is that of having the feedback 
gyro stick at zero rate. This would mean that the bias 
voltage would remain in and there would be no feed- 
back in one direction; however, if a.c. torsion-mounted 
gyros are used, the possibility of this condition occur- 
ring will be small—-and in a mechanical linkage failure 


probability class. 
(Continued on page 77) 
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Principles of Self-Contained Navigation 


A discussion of the methods and difficulties involved in self-navigation, 


INTRODUCTION 


i RELATIVELY UNKNOWN field of self-contained air 
navigation has lately achieved a position of major 
importance in the aeronautical world, and it is still 
growing at a tremendous rate. Sufficient proof of the 
first of these statements lies in the very fact that the 
IAS devoted a full morning session of the National 
Summer Meeting to this subject. For further proof, 
I have dug up a few rough figures on the dollar value of 
the effort in this field. It turns out that today self- 
contained navigation is something like a billion-dollar- 
a-year industry. Furthermore, of that billion dollars, 
o about a third is for research and development, which 

‘ you all recognize is an exceedingly high percentage by 
either military or civilian standards. This is the basis 
for my statement about the tremendous growth rate 
in this area. 

I will now define the term “‘self-contained”’ as applied 
to navigation and then consider briefly the nature of the 
requirements and the source of the push to improve our- 
selves in this direction. 

By self-contained, I mean simply that all the naviga- 
tion equipment, all the physical hardware, must be on 
board the vehicle whose navigation is being considered. 
With this definition, passive sighting of the ground by 
visual or infrared or other devices is included, so are 
celestial observations, and so too is the transmission of 

a radiation to the ground with observation of the reflected 
, energy as in radar. Of course, the ultimate in self- 
containment is achieved in the pure inertial systems, 
those modern counterparts of the proverbial window- 
less black boxes of the old magicians. 

The need for self-contained navigation systems is 
almost entirely military. It is obvious that we cannot 
allow ourselves to be dependent in time of war on 
ground-based aids that may be denied us by enemy 
action—to say nothing of the fact that these same 
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a field of growing importance. 
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items may aid the enemy as much as or even more than 
they aidus. By an extension of the same reasoning, our 
systems must also be jamproof, or at least sufficiently 
difficult to jam as to force the enemy either to expend 
a large effort on his jamming or to decide not to bother. 
This requirement means that external radiations must 
be utilized with care, if at all, and, again, the pure in- 
ertial systems represent the ultimate desideratum. 

Increased performance of both civilian and military 
aircraft in speed, altitude, and range, and the need for 
an all-weather capability in both cases, all impose addi- 
tional requirements on the navigation equipment. 
High speed, in particular, requires rapid and accurate 
calculations and a convenient presentation of results 
on a continuous basis that approaches automaticity. 
Since military aircraft have the highest speeds, in 
general, they need the highest performance navigation 
systems. Missiles of course require completely auto- 
matic navigation. To repeat, the requirements for in- 
creased performance and automaticity, while not solely 
military, are certainly more stringent in their case than 
in civilian use, and the requirement for self-contained 
systems is almost entirely military. 

In view of this situation it is to be expected that most 
of the current work in this field is sponsored by the 
military services, and that it is classified. Fortunately, 
people like Eratosthenes, Archimedes, Galileo, Newton, 
Hertz, Doppler, and their associates all published their 
findings before the word ‘“‘classified’’ even had the 
meaning it has for most of us today. So I will talk 
about some of the physical principles that are utilized 
in various self-contained navigation systems. 


Basic NAVIGATION 


1 like to think of any navigator’s job as consisting of 
two parts: first he must determine where he is, and 
then he must decide how to get to where he wants to go. 
He must know (or at least estimate) his present posi- 
tion, and then he must steer so as to reach his destina- 
tion. The second part of this job, the calculation of 
steering orders, while far from elementary in a spheri- 
cal coordinate system and complicated by the existence 
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of winds, is nevertheless fairly straightforward. There 
are further practical problems in the carrying out of 
even simple steering orders, particularly those involving 
the vagaries of heading references which usually devolve 
back onto the navigator. But these are not the prob- 
lems 1 wish to talk about this morning. 

The primary task of navigation is the determination 
of present position, and this is our concern today. 
There are two basically different ways in which this de- 
termination of present position can be accomplished. If 
it is done by means of direct observation of recognizable 
objects, whether terrestrial or celestial, the process is 
commonly called “‘getting a fix.’’ If the position is 
computed on the basis of a past fix and an integration 
of velocity or double integration of acceleration since 
then, the process is called ‘‘dead-reckoning.’’ By the 
way, this word dead does not imply that old-fashioned 
navigation is a dead art, for it certainly is not. Nor 
does it refer to the fact that it makes use of past data 
which are always obsolete and perhaps in this sense 
dead. The word should really be spelled d-e-d, a con- 
traction of the word deduced. A dead-reckoning or DR 
position, as it is called, is a deduced—a computed—- 
position, as differentiated from a fix which is directly 
observed. In practice, all navigation consists of a 
mixture of fixing and dead-reckoning. 


FIxInG METHODS 


Let us look first at the principal methods available 
for getting a fix. The most basic method of determin- 
ing one’s position on the earth—-one’s latitude and 
longitude—consists nowadays of measuring the angles 
between the zenith and three* or more of the heavenly 
bodies at a precisely known time. That this small 
amount of data suffices for determining positions comes 
about because of two important facts. The first of 
these is quite fundamental: since the earth is almost 
spherical, there exists a unique 1:1 correspondence be- 
tween position on the surface of the earth and the 
angular orientation of the vertical at each point as seen 
from outside the earth. (See Fig 1.) Stated oversimply, 
the verticals all radiate from the center of the earth, each 
in its own direction, so that every point on the surface 
can be identified by the direction of its vertical. (The 
actual nonsphericity and the rotation of the earth are 
ignored here; they serve to complicate the details of 
this correspondence, but they do not destroy its exist- 
ence or in any way vitiate the principle.) The second 
important fact is a product of civilization. There 
exists today a very large body of data on the sun and 
the stars and the motion of the earth with respect to 
these objects. These data have been reduced, codified, 
and embodied into almanacs, arbitrarily agreed-to defi- 


* The use of two stars is adequate if even very rough a priori 
knowledge of position exists sufficient to resolve the ambiguity 
of the two points of intersection of the two circular lines-of-posi- 
tion defined by the observations. However, even in this case, 
three stars are almost always used since the redundant solution 
permits an evaluation of the errors and a detection of most gross 
errors. 
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Fic. 1. A schematic diagram of the earth illustrating how 
positions on the surface can be identified by the orientation of 
the vertical at each point. 


nitions of time, and highly precise chronometers. It 
is thus possible for a navigator who possesses these aids 
to know the orientation in space—i.e., with respect to 
the fixed stars—of, for example, the vertical at the point 
of origin of latitude and longitude at any time. If he 
can then measure the orientation of the vertical at his 
own location—name the star at the upper end of his 
own plumb bob, so to speak—-then simple subtractions 
will give him his position. 

But this measurement of the angle between a star 
and the vertical is not as easy as it sounds. Angles be- 
tween physical parts of an instrument can be deter- 
mined easily enough, and simple telescopes can be 
pointed at stars, but the physical embodiment of the 
direction of the vertical, while on board a moving 
vehicle, runs into an inherent and very basic difficulty. 
The difficulty is that any device whatsoever, be it plumb 
bob, or pendulum, or liquid level, or what-have-you, 
that can respond to the direction of the pull of gravity 
will always respond equally well, by virtue of its own 
inertia, to any real accelerations of the vehicle. A 
more precise statement of this situation will be given 
later, but for now, a recognition of the following elemen- 
tary facts will suffice: If a simple plumb bob is hung 
from a fixed support and no other forces are allowed to 
operate on the bob, then it will hang in a vertical posi- 
tion; but, if the support is moved horizontally with an 
acceleration of-—say 1/10g—then, ignoring transients, 
the bob will lag behind making an angle with the ver- 
tical whose tangent is 0.1. And so it is that the deter- 
mination of present position on board a moving vehicle 
is beset with this fundamental difficulty inherent in any 
attempt to observe the true direction of the vertical. 

As for the accuracies that are obtainable under prac- 
tical conditions, at fixed stations on the ground (where 
this fundamental limitation does not exist), it is not 
uncommon to obtain a vertical that is good to one 
second of are—an angle which, if placed at the center 
of the earth, subtends at the surface an arc length of 
100 feet. At sea, one in a sense bypasses the problem 
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of the vertical and observes the horizon instead. This 
has its own limitations, but nevertheless fixes on the 
high seas are usually accurate to about a mile which 
corresponds to an error in the vertical of one minute 
of are. In the air, the horizon is usually so far away 
as to be not clearly visible, so the problem of the ver- 
tical cannot be avoided. Ordinarily the best that can 
be done is to average several readings on a bubble or 
other level indicator. Fixes obtained in this way must 
be expected to have significantly larger errors than those 
achievable at sea. A commonly accepted value is of 
the order of 10 miles,* corresponding to one sixth of a 
degree error in the vertical. Now a sixth of a degree is 
just about 3 angular mils, or one part in 344. Follow- 
ing the reasoning given previously, to achieve this kind 
of vertical requires that horizontal accelerations must 
be reduced, or at least averaged out, to within 1/344 
of a g—an accomplishment not to be sneezed at after 
all. Even so, you can well imagine that many serious 
attempts have been made to improve this figure, but 
short of systems that actually measure vehicle accelera- 
tions to etter than one thousandth of a g, you can see 
that such attempts are doomed to failure. 

Over land it is of course possible to do very much 
better than this but only by “‘cheating’’—that is, by 
looking out the window at recognizable objects and 
measuring the vector displacement to those objects. 
When using radar, no vertical at all is actually required, 
though a crude one is always provided for secondary 
functions. In these days it is well known that a radar 
measures distance by timing the round trip of a pulse 
of electromagnetic energy. The very first energy to 
return, following a transmitted pulse, must come from 
the ground directly beneath the aircraft (assuming the 
terrain is not too rugged), and the returns from other 
areas are usually spread out on a map-like presentation 
to assist in the recognition process. In this way, both 
altitude and slant range to a specified point cai: be 
measured directly. The ground range can then be 
computed by solving a simple right triangle—-independ- 
ent of any errors in the vertical on board. A head- 
ing reference is required to convert the ground range to a 
vector displacement, but an error of 1° here only intro- 
duces an error of 1/3 mile when sighting an object 20 
miles away, so the requirement for this purpose is not 
severe. When using visual sighting, only angles can be 
measured, and this time the vertical is required. Simple 
trigonometry shows that the error in ground range is 
given by the product of the error in the vertical, the 
altitude, and the square of the cosecant of the angle be- 
tween the horizontal and the line-of-sight. This is far 
different from the celestial case where the vertical error 
was multiplied by the radius of the earth. In this 
optical sighting case, a vertical error of, say 1/2°, when 
looking down at 45° from an altitude of 30,000 ft., 
contributes only about 500 ft. to the fix error. These 
relative fixes by optics and radar certainly have their 
place. They are mentioned here, however, primarily 


*See, for example, Locke, A. S., Guidance, p. 84; D. Van 
Nostrand Co., Inc., Princeton, N.J., 1955. 
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to emphasize the difference between them and abso- 
lute fixes which determine latitude and longitude. 


DEAD-RECKONING METHODS 


The simplest air-borne dead-reckoning consists o/ 
the following steps: first, true air speed is computed 
from observations of pitot pressure, static pressure, and 
outside air temperature; secondly, by assuming no yaw 
or sideslip, this speed is converted to a vector velocity 
by reading on a compass (presumably magnetic) the 
orientation of the nose of the airplane; thirdly, the 
wind vector, as obtained from a meteorological forecast, 
is added to the true air-speed vector to obtain the 
vector velocity of the airplane with respect to the earth; 
and fourthly, this velocity vector is multiplied by 
elapsed time to give distance and direction traveled. 

All four of these steps, at least as just described, 
have serious errors, but all tour can be improved by the 
use of various additional devices. For example, if the 
whole process is mechanized, then continuous integra- 
tion can replace the multiplication by elapsed time. 
Also, the use of low-drift directional gyros can reduce 
the dependence on the earth’s magnetic field, our knowl- 
edge of which is not all that could be desired. In fact, 
if an astrocompass can be carried on board and used at 
intervals to calibrate or zero-set the directional gyro, 
then dependence on the earth’s magnetism can be elimi- 
nated entirely. Finally, there are several things that 
can be done to improve the knowledge of the winds 
over that provided by forecasts. Simplest of all is the 
ordinary drift sight. This is nothing more than a tele- 
scope in the floor of the aircraft with a rotatable reticle 
of parallel lines. If the ground is visible, and if this 
reticle is adjusted so that points on the ground appear 
to slide by along the parallel lines, then the angle 
through which the reticle has been turned gives directly 
the drift angle-—defined as the angle between aircraft 
heading and ground track. This permits the navigator 
to make good a desired course free from assumptions 
about yaw, and, when this is combined with the value 
of true air speed, it is nearly equivalent to a measure- 
ment of the cross component of wind. The next refine- 
ment is to treat two successive radar or optical fixes 
separated by a known time interval as a measure of the 
average ground speed during that interval. This is an 
important step since it eliminates both the wind fore- 
cast errors and the not insignificant errors in the meas- 
urement of true air speed. With suitable mechaniza- 
tion, it can be reduced to a fairly simple manual opera- 
tion. However, it always yields average values which 
are already out of date as soon as they are obtained 
due to the fact that the wind itself is continually chang- 
ing. This effect of wind gradients of course con- 
tinues to degrade the assumed value of ground speed 
even more during the longer periods between these wind 
measurements. Lastly, radars have now been built? 
which make use of the well-known Doppler principle (a 


+ See, for example Aviation Week. Vol. 66, No. 5, p. 83, Feb- 
ruary 4, 1957 
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principle applicable to all forms of wave motion) to 
measure directly and continuously the ground speed 
and drift angle of the aircraft. The important point 
to make here is that this is the first dead-reckoning 
system with no inherent limitations—that is to say, 
given perfect instrumentation of the Doppler radar 
and the heading reference, this kind of navigation would 
be exact. Of course there are instrumental errors 
which we are unable to eliminate, but still Doppler 
radar provides by far the most accurate dead-reckoning 
navigation of any that is now in production. 


INERTIAL NAVIGATION 


Finally, there is one more distinctly different kind of 
dead-reckoning, inertial navigation, which will take up 
the remainder of this paper. I will try to make my de- 
scription of these systems as physical and nonmathe- 
matical as possible, and I will also simplify the situation 
a great deal by assuming that the earth is a nonrotating 
sphere and that vehicle motion is limited to horizontal 
travel in a great circle. Then, once the really basic 
ideas have been understood, I think you will be able to 
visualize how some of the complications can be taken 
care of. 

The concepts of inertial navigation can be approached 
from two directions, but it turns out that the two ap- 
proaches very quickly merge into one. Although the 
mechanization and physical construction of inertial sys- 
tems can take several forms, the basic principles are all 
the same. One logical approach is to attempt to per- 
form dead-reckoning by doubly integrating vehicle ac- 
celerations, but if accelerometers are to measure hori- 
zontal accelerations and not be subject to indistinguish- 
able components of gravity, they must be mounted on a 
gyroscopically stabilized platform that is quite accu- 
rately level. Another approach is to attempt to do a 
kind of continuous celestial fixing in which actual sight 
lines to stars are replaced by a set of spatial directions 
provided by gyroscopes which are (theoretically at least) 
fixed in orientation with respect to the stars. We 
have already seen that to do this well enough to be 
interesting requires a determination of the direction of 
the vertical to an accuracy that can be achieved only 
if the vehicle accelerations are known precisely. Thus, 
from either point of view, three things are required: 
a set of gyroscopes to provide a stable coordinate system, 
a physical member of some sort that can be maintained 
accurately vertical, and accelerometers (or equivalent 
pendulums) to measure vehicle accelerations. The ac- 
curacy requirements on these components even turn 
out to be identical as derived from both approaches. 
There is just one basic system. 

Notice that the measured accelerations are used in 
two ways. They are integrated twice to yield the dis- 
tance traveled, and they are further processed by a 
computer of some sort (as yet unspecified) and used to 
maintain the ‘‘vertical member’’ vertical so that the ac- 
celerometer readings will in fact indicate real accelera- 
tions suitable for integration. This is a familiar boot- 


strap situation, the solution to which lies in a fairly 
straightforward application of feedback principles. 

The whole crux of the matter still lies in establishing 
and maintaining the vertical member accurately vertical. 
This problem was first solved in theory in 1923 by a 
German engineer named Max Schuler.* Although the 
implementation of his ideas is not easy, his reasoning is 
actually quite simple and can be paraphrased as follows: 
Starting with our previous discussion of verticals in 
connection with celestial navigation, it follows that, 
when a vehicle is moving over the earth, the vertical 
associated with its instantaneous position on the earth 
rotates geocentrically. If the vehicle were moving at a 
constant velocity, the vertical would rotate at a constant 
angular velocity about the center of the earth. Any 
pendulum, for example, located in this vehicle, if initial 
transients could be avoided or damped out, would rotate 
with this angular velocity and thus indicate the true 
vertical continuously. If the vehicle were to accelerate, 
however, the pendulum would probably lag behind 
unless it were properly tuned. What Schuler showed 
was that there is a certain proper frequency such that 
any pendulum or equivalent device, if tuned to this fre- 
quency, would remain vertical even when the vehicle is 
accelerated. 

The physical basis of this statement and the deriva- 
tion of the proper frequency can be readily demon- 
strated. Consider a physical pendulum of mass m, 
length / from pivot to c.g., and moment of inertia mk?. 
If the pivot is accelerated horizontally with an accelera- 
tion a, the force required must be F = ma. Due to the 
inertial reaction of the bob, an equal and opposite force 
is felt at the bob so that a couple or torque 7 is applied 
to the pendulum, given in magnitude by the product of 
the force and the lever arm, F/ or mal. This torque 
then gives the pendulum an angular acceleration which 
is found by dividing the torque by the moment of inertia. 
The angular acceleration comes out to be m a 1/mk?. 
Now the geocentric angular acceleration of the vertical, 
to be associated with a linear acceleration a at. the 
earth’s surface, is simply a/R, where R is the radius of 
the earth. The principle of Schuler tuning is then to 
equate these two angular acclerations—that is, the 
angular acceleration produced by the inertial reaction 
torque must be made equal to the proper angular ac- 
celeration of the vertical for the moving point. Doing 
this produces the equation m a 1/mk? = a/R, whence 
k?/1 = R. Substituting this into the formula for the 


period of a physical pendulum 


namely, /mgl— 
yields the period InVR ‘g, the numerical value of which 
is a little over 84 min. Such a pendulum is not quite 
physically realizable as such. However, if the vertical 
member of our inertial system is designed through 
servoaction to have this natural period, then, I assert 
and will prove in a moment, it will behave in every way 
like a Schuler-tuned pendulum. That is to say, if it is 


* See, for example, Wrigley, W., Schuler Tuning Characteristics 
in Navigation Instruments, Navigation, Vol. 2, No. 3, December, 
1950. 
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Fic. 2. An idealized accelerometer under several conditions: 
(top left) at rest, (bottom left) under the action of an applied 
force, and (right) under the action of gravity and a supporting 
force when resting on a table in a vertical position. 


once properly started (even at rest), it will always indi- 
cate the true vertical except as instrumental errors 
creep in to degrade the performance; but, if it should 
ever be displaced, it will oscillate with this 84-min. 
period. 

Returning to our very simple inertial system consist- 
ing of gyros, accelerometers, and a vertical element, it 
is now Clear that all that it required, in principle, is to 
take the computed distance (which was obtained by 
integrating the accelerometer readings twice), divide 
this by the radius of the earth (thus obtaining the geo- 
centric angle through which the vertical should be 
rotated), and then, by means of a servo, mechani- 
cally rotate the vertical element through this angle with 
respect to the fixed gyro reference. The use of a servo- 
system here really accomplishes two vital things: it 
makes Schuler tuning possible, and it also permits the 
gyros to be used in the passive role of sensor, supply- 
ing signals but not the energy for vertical member sta- 
bilization and rotation. Of course, this must all be 
done on a continuous basis, and I will presently derive 
the actual differential equation which the system must 
follow, but first let me hasten to point out that this 
simple system, as useful as I hope it is in explaining 
first principles, is really much too simple actually to 
work. 

What happens in practice is not that anything I have 
said breaks down, but that the accuracies required to 
make the system function at all as an inertial system are 
so high that many complicating factors must also be 
considered. Most of these complications derive directly 
or indirectly from the fact that the earth is rotating. 
For example, in addition to the rotation itself, coriolis 
accelerations and the elliptical shape of the earth must 
also be considered. The azimuthal or cross-track be- 
havior of these systems has not even been mentioned. 
However, we do not have time to go into these, and 
they are not necessary to a basic understanding, anyway. 

I think it is more important to get some feeling for the 
fantastic component performance that is demanded by 
these systems. This is, of course, difficult to do on an 
unclassified basis, but certain obvious requirements can 


be pointed out. The most obvious, perhaps, comes 
from the already-mentioned fact that an angle of one 
minute at the center of the earth covers one mile on 
the surface, so that errors in the vertical measured in 
minutes of are can be translated directly into naviga- 
tional errors in miles. Another example can be given 
for gyro drift. According to the second of the two ap- 
proaches to inertial systems——the one in which the posi- 
tions of the stars are simply remembered (so to speak) 
by the gyros—any drift of the gyros will result in an 
erroneous calculation of present position even if the 
Schuler pendulum is indicating the correct vertical. 
Therefore, if the system is to be able to dead-reckon for 
one hour with an accuracy of one mile, the gyros must 
not drift more than a minute of arc in an hour. Of 
course, I cannot say what is actually being achieved, 
but this very crude and approximate derivation indi- 
cates roughly what the requirements are. 


THE Basic DIFFERENTIAL EQUATION 


Before closing, I will develop the basic differential 
equation of all inertial systems. To do this we must 
look more carefully at just how an accelerometer works. 
An ideal accelerometer can be visualized as a box con- 
taining a mass that it restrained by a spring but is 
otherwise free to slide on frictionless ways. (See Fig. 2.) 
If the box is resting in a horizontal position, the mass will 
be at the equilibrium position for the spring indicating 
zero acceleration. If the box is pushed to the right, say, 
with a constant acceleration, the mass will lag behind 
until the spring is stretched to the point that it exerts 
on the mass the force just required to give the mass the 
same acceleration as the box. The mass will then be 
stationary with respect to the box, and its displacement 
(to the left) can be read as an indication of the actual 
acceleration. If the box is now set on a table but turned 
up on end, the mass will, of course, be pulled by gravity 
toward the table. If the displacement is read and 
interpreted just as in the horizontal case, one might 
conclude that the accelerometer (the box) was being 
accelerated upward at lg. This is due to the fact that 
the table is supporting and pushing up on the box with 
a real measurable force which would produce an up- 
ward acceleration of lg if gravity were not also operat- 
ing. The force of gravity acts on both the box and the 
mass and so by itself produces no deflection of the 
spring. Similarly, in an airplane that is being flown 
at constant altitude, strictly speaking, a vertical ac- 
celerometer measures the lift force which is maintained 
equal and opposite to the force of gravity by devices 
completely independent of the inertial navigation sys- 
tem. These conclusions are quite general. Any ac- 
celerometer measures real accelerations but not gravi- 
tational accelerations. The gravitational accelera- 
tions must be computed independently and added to 
the accelerometer readings to obtain the real accelera 
tions with respect to inertial space or the stars. Hence 
if position is described by a vector R from the center 
of the earth, the total acceleration must be written as 
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the sum of the nongravitational accelerations 5, meas- 
ured by accelerometers, and the gravitational accelera- 
tion g, or 


(d*/dt?)R = b(t) + g 

In the particular case of a spherical and nonrotating 
earth, the vector g is directed toward the center or oppo- 
site to the direction of R, so that the g vector is simply 
G(R) = —w*R where «? is the ratio of the magnitudes 
of g and R. With this substitution, and writing the 
operator p for a time derivative, the original equation 
reduces to 


(p? + = 


This is the basic differential equation of inertial 
systems. Most of you will recognize this equation as 
that of an oscillatory system whose natural frequency 


A 
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(p2+w2)x_ px 
b(t) 
—w?X x 


Fic. 3. Block diagram of a simple inertial system in one dimen” 


sion. 


isw = Ve R and whose period is therefore 2nVR g = 
84.4 min. This system is then acted upon by a forcing 
function, the observed acceleration b(t), and the problem 
is to find R as a function of time. With perfect instru- 
mentation and perfect initial conditions, the solution 
can be exact. A simplified block diagram of a one- 
dimensional system that would solve this basic dif- 
ferential equation is depicted herewith (Fig. 3). 
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A discussion of the importance and type of aeromedical investigation 


Aeromedical 
Investigation 
of Aircraft Accidents 


Col. H. G. Moseley,* USAF (MC) 


i PHYSICIAN who is confronted with an aircraft 
accident investigation is faced with an unusual 
diagnostic problem. It is a problem of identifying the 
cause of injuries which may have been inflicted, and it 
is a problem of finding the reasons for this unwelcome 
visitation of disaster. 

The importance of the aeromedical investigation 
should not be depreciated. An aircraft accident is a 
circumstance often attended with harm or death to the 
human occupants. Alleviation of these traumatic ef- 
fects must be based upon inquiry into cause and effect. 
In those accidents where the enormity of force over- 
whelms any protective effort, there is a responsibility 
for determining the cause of the disaster itself in order 
that it may not be repeated. When the reason for such 
death and destruction lies within the frailty of human 
physiology or aberrations of human behavior, the pro- 
fessional obligation to identify such causes is as great as 
the obligation to identify the source of a virulent epi- 
demic. Only upon such observations can true remedial 
action be taken. 

The medical investigation to engage these problems 
falls into two categories—inquiry into the cause of 
injury and inquiry into the human factors which may 
have caused the accident. 


CAUSE OF INJURY 


Ordinarily this phase of inquiry is first pursued. In 
a typical accident, many areas need to be explored. 

The immediate concern of any physician attending 
an accident is giving professional aid to those who may 


Presented at the Medical Aspects of Aircraft Accident Investi- 
gation Session, IAS 25th Annual Meeting, N.Y., Jan. 28-31, 
1957. 

* Chief, Aero Medical Safety Division, Directorate of Flight 
Safety Research, Norton Air Force Base, Calif. 
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in determining the cause of aircraft accidents, 


be injured. Therefore, the first action is to determine 
the nature and extent of such injury in order that treat- 
ment may be given where most needed. However, 
beyond the need for knowing what treatment must be 
given, there is need to know many details concerning 
the injury, whether it be serious or trivial, for the 
injuries sustained are the most fundamental of all 
exhibits concerning the malevolence of the accident. 
Only from this evidence can the injurious forces and 
objects be measured or traced. All too frequently, de- 
scriptions of injuries are so casual that it is subsequently 
impossible to determine the direction of the blow which 
caused a skull fracture or to identify the objects which 
caused death. In this respect, there is a professional 
obligation not only to attend the injured but to observe 
all lesions carefully in order that they may be corre- 
lated with the cause and such causes subsequently 
eliminated. 

Coincident with appraisal of injuries, it is necessary 
to know whether or not such injuries were inevitable 
under the circumstances encountered, or whether they 
were compounded by inadequate provisions for escape 
and survival. Many burn injuries would not have oc- 
curred had reliable escape mechanisms been provided, 
and many sprains and fractures have resulted because 
escape hatches or exits were so situated that injury 
was almost inevitable if they were used. All such ob- 
servations form a basis for remedial action. In connec- 
tion with military accidents, injuries incurred in con- 
nection with bailouts and ejections need also be 
evaluated. 

Directly correlated with injury are the forces to which 
the occupant is subjected. It is apparent that, when 
extremely high or explosive deceleration forces are en- 
countered, the human structure cannot withstand the 
trauma regardless of protection offered. However, fre- 
quently there is injury even though the impact forces 
were slight or moderate. In these cases, there is an 
indictment against protective equipment. Without 
knowing or estimating the force and direction of such 
force, it is difficult to determine whether or not struc- 
tural improvements should be made. A large number 
of vertebral fractures occurred in crash landings of jet 
aircraft before it became apparent that the slap-down 
force of impact was causing the occupant to sink deep 
into the seat cushion which negated the restraint of his 
shoulder harness and allowed him to jack-knife forward 
over the lap belt. It was only when aeromedical ob- 
servations on the magnitude and force of deceleration 
were made that this cause was discovered and subse- 
quently alleviated by providing more resistant seat 
cushions. 

The majority of injuries incurred in aircraft accidents 
are either due to the occupant being thrown upon im- 
pact or due to inadequate restraint of head or extrem- 
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ities with their resultant flailing during abrupt de- 
celeration. There are very fundamental observations 
to be made in these areas. The first has to do with the 
effectiveness of torso restraint. In this respect, it is 
important to determine whether or not lap belts failed, 
seats failed, seat attachments failed, floors failed, or 
any other restraint or linkage did not meet the require- 
ment of preventing the occupant from becoming a mis- 
sile. An additional aspect of this investigation is to 
determine whether or not adequate protection was pro- 
vided against flailing of the head or extremities. Even 
though the torso is restrained, unfixed appendages may 
be whipped about and injured. 

The traumatic role of hurled objects needs inquiry. 
Even though the individual is adequately restrained and 
in seats which face rearward to prevent flailing or whip- 
lash injury, serious or lethal blows can be caused by fly- 
ing baggage, tool boxes, and other objects. Insofar as 
possible, these need to be identified in order that their 
traumatic role may be recognized and corrective action 
taken. 

In addition to missiles, fixed structures often inflict 
injury. This may occur even in low-impact accidents 
because of the obtrusive or unyielding nature of such 
items as gunsights, knobs, or metal bars on seat backs. 
When such items are identified, much can be done to 
eliminate them in future design. 

Any other cause of death or injury needs to be traced 
to its source and conclusions drawn as to what could be 
done to prevent it. The most frequent injuries not 
directly due to deceleration are burns. Upon medical 
burn observations, the USAF has been instrumental in 
developing more resistant clothing and establishing the 
requirement to wear gloves. Much additional reme- 
dial action needs to be taken to eliminate the source of 
such burns, and no inquiry in this area is too trivial. 


HuMAN Factors AS CAUSE OF THE ACCIDENT 


When the medical investigator attempts to deter- 
mine whether or not pilot error may have contributed to 
or caused the accident, he is confronted with a formid- 
able problem. In the aircraft wreckage, there are no 
fragments of behavior or atmospheric vacuums that 
serve as tangible evidence of acts or omissions which may 
have precipitated the course of events which ended in 
the accident. However, by working with other inves- 
tigators, definite conditions concerning the flight and 
the aircraft itself can be established. Upon these ob- 
servations, it frequently becomes apparent that some 
unsafe act on the part of the pilot (or crew) led to the 
mishap. The reason why, then, becomes a matter of 
concern. Here it is essential to realize that pilot error 
does not of necessity imply neglect or fault on the pilot’s 
part. On the other hand, such error may be the result 
of circumstances with which he was physically or phys- 
iologically ill-fitted to cope or as a result of problems 
which he had not yet learned to solve. The medical 
inquiry, therefore, can follow the influences which have 
the most significant effect on the human operator. 


There are three major areas where adversities or inade- 
quacies may induce the pilot to err and lead to an acci- 
dent: the pilot’s physiological tolerances, the pilot's 
behavioral variances, and the pilot’s physical condition. 

First consider the pilot’s physiological tolerances. 
Man's basic physiology has prepared him to live in the 
dense warm atmosphere adjacent to the earth’s surface 
and to gain his orientations by firm contact with the 
earth’s surface. High altitudes, high velocities, and 
space are entirely alien to his instincts and enormouslv 
hostile to his physiological equanimity. In fact, man 
survives in high performance flight only by the pres- 
ervation of an artificial environment which guarantees 
him adequate oxygen, heat, and comfort and by instru- 
ments and cues which inform him of his orientation or 
direction in space. When anything goes wrong or dis- 
turbs this environment or orientation, he is quickly 
overwhelmed. The resultant accident is usually the 
type where the aircraft plunges to the earth with little 
or no effective human guidance. These are vertical 
disasters. Whenever the investigation reveals this 
type of accident, the overwhelmed pilot must be con- 
sidered. In the wreckage, mechanical cues are few or 
nonexistent. Only rarely is there evidence of improper 
pressurization or oxygenation. Still more rarely are 
there cues of noxious fumes or malfunction of gyros or 
attitude instruments. However, whenever an aircraft 
accident cannot be explained by other reasons and when 
it is of the vertical disaster type, the causes that follow 
should be considered. 

ITypoxia: If the accident is the result of a power-on 
dive from high altitude with no apparent attempt to 
correct its course or to escape, and especially if it occurs 
on a clear day or night, hypoxia can be considered as 
the most probable cause. With the exception of dis- 
orientation as mentioned below, there are few if any 
other conditions currently encountered in flight which 
can so suddenly and so completely overwhelm the pilot. 

Disorientation: Whenever there are power-on dives 
when the aircraft is being flown under instrument condi- 
tions and particularly when there is evidence that the 
pilot's attention has been diverted from his flight in- 
struments or if he has had to make the transition sud- 
denly from outside visual reference to instruments, dis- 
orientation is a highly probable cause. This is par- 
ticularly true if the dives are from low altitude flight 
such as in the traffic pattern; however, this type of 
phenomenon knows no altitude limitations. 

Other Adversities: Whenever flight becomes erratic 
and there is no mechanical or other explanation, in- 
capacitation from other environmental adversities must 
be considered. These are such conditions as decom- 
pression sickness, poisoning by effects of carbon mon- 
oxide or noxious fumes, extreme heat or cold, and allied 
conditions which might seriously compromise the pilot’s 
ability to handle the aircraft. This category is seldom 
encountered and is difficult to identify. It is usually 
implicated only when the pilot has indicated such condi- 
tions by radio calls or when the accident investigation 
reveals loss of pressurization, noxious substances, etc. 
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The area concerned with the pilot’s behavioral 
variances warrants consideration. Abnormal behavior 
is seldom the cause of an accident. Individuals who 
develop a psychosis or severe psychoneurosis are 
usually removed from flying. Individuals who do not 
have the mental capacity to handle an aircraft seldom 
become pilots. However, many pilot error accidents 
occur as a result of normal human variables such as 
inexperience, oversights, apprehensions, and distrac- 
tions. These accidents are almost always characterized 
by evidence of conscious control of the aircraft prior to 
the accident and thus lead to what may be termed hori- 
zontal disasters. In these cases, the pilot is flying 
straight and level or he is coming in for a landing or he 
is engaged in a take-off when, as a result of some inade- 
quacy, the accident occurs. Whenever an accident 
cannot be explained by other reasons and it is of the 
horizontal disaster type, certain factors should be con- 
sidered. 

Discipline Delinquencies: Modern flying, and par- 
ticularly flying high performance aircraft, requires rigid 
adherence to certain basic precautions and rules. Poor 
flight planning and poor in-flight discipline—i.e., at- 
tempting to fly VFR under IFR conditions—are the 
most frequent causes of in-flight collisions. To this 
must be added poor supervision, particularly in flight 
scheduling, which can lead to mid-air collisions. These 
poor disciplines should always be considered when con- 
trolled flight ends in a collision. 

Inexperience: Accidents as a result of mishandling 
the aircraft upon landing, take-off, or go-around and 
particularly accidents as a result of mishandling of 
landing gears, flaps, or fuel systems are usually due to 
inattention or inexperience, especially the latter. Such 
accidents are usually of low impact, and survival is the 
rule. Evidence of the type of mishandling such as 
failure to put the wheels down is frequent. The aero- 
medical role is to determine the reasons for omissions 
or mishandling. Even though inexperience is a non- 
clinical condition, it can, nevertheless, lead to disastrous 
results and is fully deserving of identification when it is 
the cause. 

Complications and Distractions: During landings, 
take-offs, and go-arounds, the work load placed upon 
the pilot is considerable. If during this time, minor ir- 
regularities or emergencies arise, he may beconie over- 
whelmed and have an accident. Here again, there is a 
necessity for identifying such complications and dis- 
tractions in order that they may be eliminated. 

Finally we come to the pilot’s physical condition. 
Flying requires that the pilot have certain minimums 
of physical strength and endurance and that he be 
physically able to give continuous application to his 
occupation during the expected conditions of flight. 
Occasionally, pilots are unable to meet these physical 
requirements due to fatigue, illness, or physical disaster. 
Such inadequacies or unwelcome infirmities are usually 
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unpredictable, and there is no particular pattern as to 
the type of accident which may result. In addition, 
such accidents usually leave no mechanical clues as to 
their cause. Their discovery rests upon exclusion of 
other causes, and inquiry into definite areas. 

Insufficient Strength or Stamina: Although inability 
to reach controls or insufficient strength occasionally 
leads to accidents, the most frequent cause in this cate- 
gory is fatigue. Whenever accidents occur after pro- 
longed periods of flight, are due to some omission or 
mishandling, and cannot be explained by inexperience 
or other factors, fatigue is implicated. Although diffi- 
cult to establish, it may emerge as the only plausible 
explanation. 

Temporary Illness: This is an infrequent cause of acci- 
dents because the ill pilot seldom flies. There are two 
factors, however, which need to be considered whenever 
it can be determined that the pilot was suffering from a 
temporary illness. The first is whether or not he may 
have developed severely diverting symptoms from such 
conditions as headaches, earaches, or sinusitis, and 
whether or not he may have been taking medicines 
with suppressive or hypnotic effects or an anaphylactic 
potential. 

Serious Physical Incapacitation. Serious incapacita- 
tion may arise suddently and lead to an accident. 
Such conditions as heart attacks are rare and are or- 
dinarily discovered only by careful post-mortem in- 
quiry. However, accidents occasionally happen be- 
cause of other serious conditions, such as epilepsy, and 
offer little or no pathological evidence. Their dis- 
covery rests in a careful review of the individual's 
medical history and particularly inquiry into concealed 
attempts at self medication. 


CONCLUSIONS 


The aeromedical investigation of an aircraft accident 
is concerned with discovering the causes of injury and 
determining the human acts which may have led to the 
accident. 

The investigation of injury requires careful inquiry 
into cause and effect and detailed examination of forces 
and objects which produce injury. It also requires re- 
view of protective devices which prevented or failed to 
prevent injury. 

Investigation of human error which may have led to 
the accident, and the cause of such error, is also re- 
quired. This entails an evaluation of adverse physical 
or physiological influences, a full appraisal of the pilot's 
clinical history, and, on occasion, careful pathological 
inquiry. 

The need for thoroughness of such inquiry is great. 
The causes of aircraft accident injuries and particularly 
the human causes of the accident itself are frequently 
difficult to establish. But only when such causes are 
found can effective corrective action be taken. 
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Rocket Sled Techniques (Continued from page 62) 
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braking device undertakes the task of bringing the 
sled to a stop. During the coast phase, electrical 
power to the high-speed cameras and telemetering 
equipment is shut off in order to conserve the batteries, 
prevent film damage, and avoid the necessity of having 
personnel approach the sled immediately after the run. 
This last item is a safety precaution against the possi- 
bility that one or more of the rocket motors may have 
misfired. 


It is apparent from the above discussion that one of 
the most important elements of a rocket sled flutter 
test is the method by which the sled performance is 
estimated. The analysis is used not only to predict the 
maximum speed and allow for variations in weather 
conditions but also to enable a determination of the 
range stations at which the successive rocket stages 
must be fired along with the number and size of the 
rocket motors to be used in each stage. In attempting 
to maintain reasonable and precise speed increments 
from one run to the next, this process may become 
quite involved and may require the use of such practices 
as overlapping or delaying the firing of two stages or 


A 


A 


the addition of dead weight to the main or booster 
sleds. The method must be applicable to a wide 
variety of configurations and should be capable of 
utilizing the results of past runs with a minimum 
calculation time. 


CONCLUSIONS 


By virtue of the increased attention which the flutter 
problem demands in the design of high-speed aircraft, 
there has come a need for full-scale flutter testing. 
Such tests are intended to prove the validity of the 
design analysis and serve to establish with finality the 
actual flutter margin of safety. The rocket sled method 
qualifies uniquely for this purpose through its ability 
to reproduce and exceed actual flight conditions. 

Instrumentation and test procedures have been 
recently developed and successfully employed in full- 
scale rocket sled flutter testing. The results of these 
tests have established beyond doubt the usefulness and 
validity of the rocket sled technique as a part of the 
basic design process for future transonic and supersonic 
aircraft. 
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Electrical Flight-Control System (Continued from page 67) 


Both systems are capable of being potted to prevent 
wire breakage or vibration damage, and each antici- 
pates the use of quads wherever they will improve the 
reliability, as shown with the diodes in Fig. 6. At- 
tempts are being made to overcome the necessity of 
using a vacuum tube for a cathode follower which is 
the primary disadvantage of the second system. 
Methods to correct this include use of ceramic tubes 
and methods of operating tubes in parallel such that, if 
one tube fails, the other will continue operating. At 
the present time there are differences of opinion as to 
which system may be made the most reliable for use in 
aircraft. A decision could easily be made if component 
reliability values were dependable and _ accessible. 
Either method can be proved more dependable, de- 
pending upon which component reliability values are 
used. Consequently, the tests and analyses on both 
systems are continuing. 


From the results of this development program, it ap- 
pears that electrical control systems are not impractical 
to consider for future airplanes. When one considers 
that most advanced aircraft are being designed with 
some type of automatic control, such as stability aug- 
mentation, automatic navigation, or automatic inter- 
ception, it begins to appear quite logical that the 
manual control mode should also be electrical. This 
would mean that, for the addition of a few electrical 
components, the pilot could be given desirable manual 
flight characteristics with a lighter, more flexible system 
that can be provided mechanically. 

Reliability of electrical control systems has been im- 
proved considerably thus far, and efforts are continuing. 
At such time that the reliability of electrical control 
systems can be made to equal that of mechanical sys- 
tems, it is firmly believed that all high-performance 
aircraft will be ‘‘flying by wires.”’ 
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News of Members (Continued from page 35) 


Harold W. Thomas (AF), formerly 
Military Sales Representative, Lockheed 
Aircraft Corporation, has been appointed 
Manager, Industrial Department, Proj- 
ect Development Division, The Ralph M. 
Parsons Company. 

T. H. Townsend, Jr. (M), formerly a 
Senior Aerodynamicist, Lockheed Aircraft 
Corporation's Georgia Division, has joined 
Temco Aircraft Corporation as a Technical 
Specialist in Aerodynamics. 


@ Aerojet-General Corporation has an- 
nounced the following appointments: 
Thomas E. Johnston, General Purchasing 
Agent; Harvey S. Fisher, member of the 
Materiel Staff; and Richard E. Minnick, 
Head, Materiel Operations Department. 
@ Aeroquip Corporation has announced 
the appointment of Allan B. Fredhold, Jr., 
as General Manager of General Logistics, 
the firm’s subsidiary. 

e Aircraft Radio Corporation has an- 
nounced publication of brochure ARCBR- 
T20-1, describing the firm's new “building 
block”” 20-channel VHF Transmitter 
(Type T-20). 

e@ Aluminum Company of America has an- 
nounced two new high-temperature sol- 
dering materials that, the firm says, will 
cut joining costs for aluminum fabri- 
cators. Designation for the new mate- 
rials is Alcoa Solder No. 805 and Alcoa 
Soldering Flux No. 66.... The firm also 
has announced that it has whirled a 
precision-cast high-speed aluminum im- 
peller at just under three times the speed 
of sound. Alcoa scientists said that they 
tested the premium strength aluminum- 
alloy casting at a peripheral velocity of 
approximately 2,000 m.p.h. 

e American Airlines, Inc., Board of 
Directors has elected F. C. Wiser Assistant 
Vice-President in the Operations De- 
partment. W. Braddock Hickman has 
been elected Assistant Vice-President, 
Economic Research. 

e@ Anderson, Greenwood & Co. has modi- 
fied its Mach 4 ram-jet test stand to per- 
mit evaluation of free spinning test models, 
as well as those which are statically 
mounted. The firm reports that the per- 
formance of ram-jet power plants, rotating 
at angular velocities up to 30,000 r.p.m., 
can be investigated at sea-level atmos- 
pheric conditions for flight Mach Num- 
bers as high as 4. Also, these test environ- 
ments can be maintained intermittently 
for duration of up to 5 sec. The facility 
also 6 utilized as a wind tunnel for heat- 
transfer studies. 

@ Bell Aircraft Corporation has announced 
the appointment of Peter J. Wacks as 
Assistant to the President for Industrial 
Relations. 


e Bendix Aviation Corporation has an- 
nounced the appointment of Charles D. 


John R. Westfall (AF), formerly Execu- 
tive Engineer, Dynamic Loads Division, 
NACA, Langley, is Laboratory Adminis- 
trative Engineer, McDonnell Aircraft 
Corporation, St. Louis, Mo. 


Fred A. Winzer, Jr. (M), former Gen- 
eral Sales Manager, The Weatherhead 
Company, is Vice-President—Sales, Wal- 
dorf Instrument Company, Huntington 
Station, Long Island, N.Y. 


Manhart to the new position of Staff 
Directory, Military and Government 
Sales .... Eclipse-Pioneer Division’s PB- 
20B automatic flight control unit is re- 
portedly the first commercial all-transitor- 
ized control system in commercial use. 
It was designed as an integral part of 
Lockheed 1649A Starliners. 

@ Boeing Airplane Company has an- 
nounced a new facility for testing the firm's 
jet-engine sound suppressor-thrust reverser 
unit that will be built at its Transport 
Division plant at Renton, Wash.... 
George S. Schairer has been named 
Director of Research .... Facts and fig- 
ures on Boeing’s 707 transport have been 
published in a new booklet by the Trans- 
port Division. 

e@ Chance Vought Aircraft, Incorporated, 
reports carrier take-off and landing tech- 


The IM-99 Bomarc interceptor missile 
hurtles into the air at the USAF Missile Test 
Center at Patrick Air Force Base. Boeing 
Airplane Co., the manufacturer, reports it 
has a range greater than any other current 
air defense missile. After the booster 
rocket burns out, two Marquardt ram-jet 
engines in the body take over. 
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niques for the firm’s F8U-1 Crusader haye 
been developed aboard the ‘Franklin D, 
Roosevelt.” 


© Cornell Aeronautical Laboratory, Inc,, 
has announced the appointment of Clif- 
ford C. Furnas (F), Chancellor, Univer. 
sity of Buffalo; and Walker L. Cisler, 
President, Detroit Edison Company, to 
the Board of Directors. 


@ Douglas Aircraft Company, Inc., engi- 
neers are conducting experiments to find 
the most effective means of suppressing 
jet-engine noise by “blowing smoke rings.” 
The rings or smoke slices permit visual 
reference for correlating geometric prop- 
erties of the exhaust with the sound pro- 
duced. 


@ Fairchild Camera and Instrument Cor- 
poration has announced the election of 
Edward Streeter as a Director of the firm. 


e Fairchild Engine and Airplane Corpora- 
tion, Guided Missiles Division, has estab- 
lished a new Development Planning Staff, 
headed by Harry Iddings, to undertake 
programs of study and analysis of new 
missile systems and electronic tech- 
niques.... The Engine Division has 
announced the appointment of Arthur L. 
Armantrout as Director of Industrial 
Relations. 


Federal Telecommunication Labora- 
tories, Division of International Telephone 
and Telegraph Corporation, has an- 
nounced that it is supplying the guidance 
system for the Army’s Lacrosse missile. 
... The firm’s two multiengined aircraft 
which compose its air wing have been 
moved from Westchester County Airport 
to a new location near Nutley, N.J. 

Charles W. Vadersen has been named 
Manager, Coordinated Telephone Projects. 


@ The Firestone Tire & Rubber Company 
has announced a new line of airplane tires 
incorporating features developed and 
tested on military jets. The new tires are 
available to civilian light plane owners. 
... Firestone’s Defense Research Di- 
vision engineering laboratory will develop 
and test components of the new Martin 
Matador TM-61 B. 

e Flight Refueling, Inc., has announced 
the appointment of James J. Wilder as 
General Manager of the firm’s subsidiary, 
Automation Industries, Inc., and Charles 
J. Mozley as Staff Counsel. 

e@ The Garrett Corporation’s DC-3 “Green 
Hornet”’ has been modified to provide what 
the firm calls ‘‘the greatest visibility of any 
airliner in the world.”” The Aviation Serv- 
ice Division has installed an extra 1,200 
sq.in. of glass above the pilots’ compart- 
ment .... AiResearch Manufacturing Co. 
of Arizona reports improved efficiency 
and savings in time and money in aircraft 
ice and snow removal through new appli- 
cation of a small gas-turbine engine. 
Hot air is bled from an AiResearch GTC 85 
turbine compressor and, used in conjunc- 
tion with a Pitman hydraulic lift, isdirected 
onto iced surfaces by a nozzle. This 
division also reports expansion of electronic 
and pneumatic control facilities in Phoe- 
nix....AiResearch Manufacturing Divi- 
sion engineers have developed an all-stain- 
less steel welded and brazed heat exchanger 
for commercial aircraft that will be pro- 
duced for the Douglas DC-8. 
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MISSILE SYSTEMS AERODYNAMICS 


Weapon systems management activities at Lockheed’s Palo Alto, 
Sunnyvale and Van Nuys organizations call for major achievement in 
aerodynamic areas such as: Theoretical and experimental investigations 
of the aerodynamic characteristics of missiles at Mach numbers 

through the hypersonic range; optimization of controlled missile 
performance; specification and supervision of experimental aerodynamic 
investigations required to verify and improve missile and weapon 
system design; analysis and interpretation of aerodynamic flight test 
data. Inquiries are invited. Please address the Research and 
Development Staff, Sunnyvale 21, or Van Nuys 15, California. 


Here members of the Aerothermodynamics Staff discuss heating of jet 
control surfaces. Left to right: W. E. Brandt, thermodynamic 

analysis; M. Tucker, Aerothermodynamics Department head; R. L. Nelson, 
project aerodynamics; B. W. Marsh, aerodynamics; J. 1. Osborne 

(back to camera), aerodynamics. 


MISSILE SYSTEMS DIVISION 
LOCKHEED AIRCRAFT CORPORATION 


PALO ALTO - SUNNYVALE + VAN NUYS 
CALIFORNIA 
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@ General Dynamics Corporation, Con- 
vair-Astronautics Division, has announced 
development of a “‘computer-converter” 
named Addaverter—a machine the 
division claims “speaks” in both analog 
and digital terms—to help simulate and 
evaluate ICBM _ performance... . Con- 
vair in San Diego has announced design of 
| a new aircraft door for the 880 jet trans- 
port. Forward and aft entrances will be 
equipped with a new outward-opening, 
sedge-shaped, plug-type door. The di- 
vision reports that excavation for a Cyril 
Bath stretch press has been completed and 
that a new facility for adhesive bonding of 
integral wing fuel tanks for the 880 is 

under construction .... Convair in Fort 
Worth is replacing wooden shipping boxes 
with less expensive steel crates which 
may be used indefinitely. The crates are 
said to be lighter than the wooden boxes, 
provide more protection, and can be 
tailor-made to any size. They work along 
lines similar to a child’s erector set. 

@ General Electric Company, Aircraft Gas 
| Turbine Division, unveiled a_ full-scale 
model of its CJ-805 commercial jet engine 
in Paris. Counterpart of the military 
J-79, it will be available in five versions 
tailored to specific air-line operational 
route structures. The division’s Small 
Aircraft Engine Department has an- 
nounced completion of 3,500 hours of 
testing of its T58 gas turbine. This de- 
partment also announced construction of 
a new furnace facility for treating jet- 
engine components.... Defense  Elec- 
tronics Division, Light Military Electronic 
Equipment Department, has named Oliver 
| H. Winn, Manager—Engineering and 
Harry F. Mayer, Manager—Advanced 
Electronics Center.... Apparatus Sales 
Division, Aircraft Accessory Turbine De- 
partment, has announced a new fully self- 
contained electric and hydraulic auxiliary 
power unit for missiles and an improved 
electronic leak detector said to be so 
sensitive it can detect one part of helium in 


Research 


Engineers 


Marquardt offers 


A Professional Climate 


which encourages original 


and independent research 


Marquardt Aircraft, the leader in 
ramjets—“Powerplant of the Future’— 
offers research engineers a veritable spectrum 
of advanced projects; advanced in time, and 
in technological significance. 


In an environment which permits free inquiry, 
Marquardt engineers and scientists investigate 
many aspects of supersonic propulsion ; 


including ramjet, turbojet and rocket motors and | two million parts of air. The division's 

Aircraft Nuclear Propulsion. This work is achieving 

a new understanding of the aerodynamic, thermodynamic, 
1e Technical Training School, West Lynn, 

and chemical behavior of various elements of these Mass. Welding Department engineers : 


propulsion systems and their exotic fuels. have developed two new Fillerare welding 


power sources for consumable electrodes 
In other areas, such as the broad field of New Products 


Research, Marquardt engineers investigate projects © General Precision Equipment Corpora- 


reaching far into the future. In keeping with the tion’s subsidiary, General Precision Lab- 
company’s reputation for products which are in the oratory Incorporated, has opened a 

forefront of advancing technology, these projects are aEaOO og-f. environmental test building 
timed for tomorrow on its Pleasantville, N.Y., facility. 


eG. M. Giannini & Co., Inc., has de- 


Research engineers with creative vision are invited to veloped a new line of axial accelerometers 


investigate the opportunities at Marquarat. said to feature extremely low crosstalk 

Please write Jim Dale, Professional Personnel, 

16553 Saticoy Street, Van Nuys, California nini engineers also have developed a shaft 


position transmitter which they say has 
infinite resolution and null point at the 
center of rotation and is highly accurate 

e The B. F. Goodrich Company has de- 
veloped a new jet aircraft tire said to be 


' “A cooler-running and to survive up to three 
AIRCRAFT times as many high-speed take-offs and 


landings as conventional tires used on jets. 
VAN NUYS, CALIFORNIA see UTAH 


The tire’s improved performance is laid 
to a ventilated tread design called ‘‘Sine- 
wave.’ The firm also announced plans 


ae FIRST IN RAMJETS or construction of a specialized plant for 


manufacture of adhesives. 
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FEEDER CIRCUIT 
BREAKER 


GENERATOR» 


CONTROL PANEL 


VOLTAGE 
REGULATOR 


YOU CAN EXPECT MORE FROM 
BENDIX RED BANK DC GENERATOR SYSTEMS 


AIRCRAFT ENGINE-DRIVEN D. C. GENERATORS FOR 30-VOLT SYSTEMS 


Nominal Rating 
Speed Range | Altitude | Approx. Des'd to 
Type No. } = Amps. RPM Feet | Wt—Lbs. | Gov't Spec. 
30E01 50 2200-4500 | 20,000 24 M-2, M-3 
30E22 50 4000-8500 | 50,000 16 os 
30B24 50 4000-8500 | 50,000 14 -- 
30E16 100 2500-4500 | 50,000 40 52B6588 
30B33* 100 4700-8000 | 35,000 28 MIL-S-9181 
30E07 200 3350-8000 | 50,000 45 AN-3632 
200—Class C 
30E20 300—Class A | 4000-8000 65,000 45 MA-1 
30E02 300 3450-8500 | 25,000t 64 = 
300—Class C 
30B37 400—Class A | 4000-8000 65,000 53 - 
30E10 400 3100-8000 | 60,000 67 AN-3624 
30B34 400 3100-8000 | 60,000 67 aa 
400—Class C = 
30B26 500—Class A 4000-8000 | 65,000 69 MA-11 
400—Class C 
30B35* 500—Class A 3500-8000 | 65,000 75 - 


*These units are Starter-Generators. {Models also available for operation at 50,000 ft. 


Red Bank Division of 
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OVERVOLTAGE 
PROTECTOR 


FAULT DETECTOR 
PANEL 


HIGH TEMP. VOLTAGE 
REGULATOR 


New models for high-altitude, 
high-performance aircraft 


Bendix Red Bank now makes available an extremely 
wide range of DC generators, including more models 
than ever before for high-altitude, high-performance 
requirements. Add to these a complete line of precision 
protective and control equipment, and you have the 
reason why Bendix Red Bank offers the most efficient 
answer to your DC system needs. All units feature 
maximum reliability, minimum size and weight, 
and maximum installation and servicing ease. For full 
details, write RED BANK DIVISION, BENDIX AVIATION 
CORPORATION, EATONTOWN, NEW JERSEY. 


West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif. 
Canadian Affiliate: Aviation Electric Ltd., P. O. Box 6102, Montreal, Que. 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y 


A thousand products— 
a million ideas 


AV ATION CORPORATION 
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@ The Goodyear Tire & Rubber Company, 
Inc., has announced that it is supplying 
Tri-Metallic disc brakes and cast wheels 
for the Fairchild F-27 Friendship. 

e@ Jack & Heintz, Inc., has announced the 
election of Chester A. Thompson to the 
board to fill the vacancy created by the 
resignation of Rodney P. Lien. 


© Lear, Incorporated, reports its LearCal 
and Grand Rapids Divisions are supplying 
air-borne electronic intelligence compo- 
nents that control and direct the Boeing 
Bomare IM-99 missile... . Grand Rapids 
Division has developed a remote control 
system for vehicles for use in obtaining 
data from remote, hazardous, or otherwise 
inaccessible areas via a television trans- 
mitter. The Marine Corps has tested the 
unit on landing vehicles during dangerous 
surf conditions. . .. LearCal Division engi- 
neers have designed a new type of gyro 
drift recorder (Model 2249) that they say 
is capable of detecting, indicating, and 
recording with extreme accuracy the mi- 
nute increments of drift characteristic of 
modern high-precision gyros... . Lear- 
Romec Division is manufacturing a heavy- 
duty 24-vde electric motor driven in- 
dustrial coolant or transfer pump. The 
division says it is designed to pump water 
or a mixture of water, butyl alcohol, and 
ethylene glycol in heat exchangers or large 
equipment. Designated Model RG16070, 
it has a rating of 400 g.p.h. (minimum) 
with 14 to 16 psia inlet pressure and a 15 
psig discharge pressure, according to the 
division. 

Lockheed Aircraft Corporation’s 
Georgia Division announced that it has 
been allocated funds by the USAF Air 
Materiel Command to complete basic 
units of an advanced nuclear research and 
development laboratory for use in con- 
nection with the firm’s nuclear-powered 
aircraft program. The division also has 
announced the promotion of B. A. Martin 
from Chief Pilot to Weapons System 125A 
Manager. Lloyd W. Harris succeeds 
Martin as Chief Pilot. The division re- 
ports the first B-47 Stratojet to be over- 
hauled under the Modification-IRAN 
(Inspect and Repair as Necessary) con- 
tract has been received... . California 


Norden-Ketay Corporation's new minia- 
turized floated rate gyro (Model 55,000) 
was designed expressly to meet rugged en- 
vironmental conditions encountered in mis- 
siles, according to the firm. It can be sup- 
plied in a variety of maximum rate ranges 
from 1 deg./sec. to 1,000 deg./sec., and the 
firm reports it has a higher power signal 
output than has been previously available. 


Division has announced a series of execu- 
tive changes headed by the appointment of 
Herb Caldwell as Assistant General 
Manager, Navy Projects....J. B. Was- 
sall, Director of division engineering, has 
announced that the Navy P2\-7 Neptunes 
are being equipped with turret-mounted 
20-mm. cannons, replacing .50-caliber 
machine guns.... Rear Adm. Joseph F. 
Quilter, USN (Ret.), has joined the staff 
of the Missile Systems Division Product 
Planning Branch.... Four Allison 501 
prop-jet engines have been installed on a 
Super Constellation for advance proving 
of the engine-propeller combination for the 
Electra. 

@ Marquardt Aircraft Company has an- 
nounced the appointment of James F. 


Republic Aviation Corp. has released this first unretouched photo of its F-105B Thunderchief, 
a nuclear weapons carrying fighter-bomber powered by a Pratt & Whitney J-75 jet. More 


than 60 ft. long, the fuselage is area ruled. 


The supersonic aircraft has a wing (sweptback) span 


of more than 30 ft. and wind-root air intake ducts for the 15,000-Ib. thrust engine. 


Stengel to the position of Director of 
Industrial Relations. 

@ The Martin Company and the Navy 
have announced a new air-to-surface 
missile, the Bullpup, designed to be 
launched from any position outside the 
effective range of enemy high-volume 
ground fire and said to provide sufficient 
accuracy to destroy small targets without 
excessive sorties and expenditures of 
bombs and rockets. Approximately 11 ft. 
long, it weighs about 600 Ibs. . . . The firm 
also reports that a new low-cost portable 
jet-engine muffler, designed to reduce 
noise of jets on military and civilian air- 
ports, has been developed. 

@ Meletron Corporation has announced 
the election of Volney P. Morin to Ex- 
ecutive Vice-President and William A. 
Clegern to Vice-President in charge of 
Product Development. Mr. Morin was 
formerly Resident Counsel for Technicolor 
Corporation. Mr. Clegern had _ been 
Manager— Marketing at General Electric 
Company’s Jet Engine Division. 

Norden-Ketay Corporation has an- 
nounced the appointment of Francis P. 
Halas as Midwest Regional Sales Manager. 
e North American Aviation, Inc., has an- 
nounced the use of television cameras to 
observe static test firings of high-thrust, 
liquid-propellant rocket engines at the 
Rocketdyne Division’s Propulsion Field 
Laboratory. 

e@ Northrop Aircraft, Inc., has announced 
its SNARK SM-62 missile was displayed 
among NATO exhibits at the Paris Air 
Show. 

e Pan American World Airways, Inc., and 
Panagra have announced a new 30-day 
excursion fare to Buenos Aires... . Wen- 
dell R. Stevens has been named to the 
newly created position of Cargo Sales 
Manager.... Latin American Division 
has announced that seven specialists are 
being sent to Afghanistan and Turkey in 
conjunction with technical assistance proj- 
ects operated in cooperation with the 
Government. The division also  an- 
nounced the addition of Bridgetown, 
Barbados, to its Caribbean route stops. 


@ Phillips Petroleum Company has been 
awarded an Air Force Scroll of Apprecia- 
tion for outstanding service to the USAF 
in the field of solid propellant rocketry 
from 1951 to the present. The scroll was 
presented by Major Gen. John W. Ses- 
sums, Jr., ARDC Vice-Commander. 

@ Piasecki Aircraft Corporation has an- 
nounced that it has an option to manu- 
facture the Fairey Ultra-Light jet, to be 
known as the Piasecki Model 72, for mar- 
keting in this country. The two-seat, jet- 
powered, single rotor aircraft, said to be 
the world’s smallest, is reported to have a 
unique propulsive system of pressure jets 
at rotor blade tips that eliminates gears, 
clutches, and shafts of the conventional 
helicopter. The firm says it uses low- 
grade fuel, can be operated at less than 
half the cost of conventional helicopters, 
and will be half the cost in price... . The 
firm also announced plans for an ‘‘airail 
car’’ system combining aeronautical prin- 
ciples reported to make the car capable 
of aircraft speeds with complete safety. 

©@ Republic Aviation Corporation has an- 
nounced the first Long Island flights of the 
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the NEW Electronic 
Three Phase Control 


uses counting tubes for the 
control of resistance welding 


All timing, sequence, and other functions 
designed and built as individual units. 


SLIDING PLUG-IN DRAWERS 


Each unit is built on an individual, sliding-drawer 
chassis, with a cable-mounted, cam-locked plug. 
And, all plug-in units are directly interchangeable. 


COLD CATHODE TYPE COUNTING TUBES 


Used instead of RC networks to control all timing functions. 
Individual sets of counting tubes, for each timing function, 
eliminate complicated switching and gating circuits. 
Preheat, weldheat and postheat can be individually adjusted, 
for different operations, at different frequencies. 


EXCLUSIVE UNITIZED CONSTRUCTION 


Hailed because it permits the interchangeability of units 
One spare timing unit will serve a multiplicity of functions. 
Units can be removed or replaced in just a matter of minutes. 


EXCLUSIVE “‘SET-UP/RUN" SWITCH 
This exclusive feature allows instant, visual check-out of 


all timing circuits, before an actual run, and, without 
the use of any special test instruments—ever! 


SEPARATE HEAT CONTROL PANELS 


There's one for each of the various heat functions, 
such as preheat, weld, postheat and current decay. 
These heat control panels are interchangeable, too! 


*Trade Mark of Weltronic Co. 


Control meets MIL specifications. 


Write for Descriptive Literature. 
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F-105B Thunderchief supersonic, nuclear- 
weapons-carrying fighter-bomber powered 
by a 15,000-Ib. thrust jet engine. A photo- 
reconnaisance version of the new aircraft 
also is being produced .... Jack Bade has 
been appointed Director of Flight Opera- 
tions, and the firm has named Lyle Monk- 
ton as his assistant. 


e Ryan Aeronautical Company’s X-13 
Vertijet has flown in full operational 
sequence, the firm announced. The verti- 
cal take-off jet is controlled in VTOL 
flight by a jet reaction control system and 
by a second, conventional aerodynamic 
control system during conventional flight. 
The pilot operates both systems from the 
usual stick and rudder pedal cockpit 
controls. Take-off and landing are ac- 
complished by a single hook mounted be- 
neath the fuselage which engages a tra- 
peze-like mechanism built into the bed of a 
specially designed ground service trailer. 
Ryan says weight saved by eliminating 
conventional landing gear may be put back 
in the form of power plant and fuel and 
result in improved supersonic performance. 
The aircraft is said to have extremely high 
thrust-to-weight ratio inherent in the 
design and has demonstrated high rates of 
climb during tests at Edwards AFB. 
The Ryan - Air Force design is powered by 
a Rolls-Royce Avon turbojet in the 10,000- 
Ib. thrust class. It has been operated at 
moderate altitudes and speeds and is 
solely for research .... The Royal Cana- 
dian Air Force will get Ryan Firebee jet 
target drones, the firm announced... . 
A 27-acre industrial site and plant as- 
sembly has been acquired in Los Angeles. 
e Solar Aircraft Company has named two 
new members to its Board of Directors: 
Walker G. Dollmeyer, Vice-President 
Operations, and Rudolph W. Weitz. 
C. D. Oberg has been named Director of 
Sales. 

® Stanley Aviation Corporation has de- 
veloped a new Cartridge Actuated Device 
for cutting of aircraft cable, electrical 
wiring, and tubing, featuring ultrarelia- 
bilitv by virtue of what the firm calls a 


Shell Oil Co. reports the first maximum use of bonded aluminum skin-fiberglass honeycomb 
sandwich panels in Convair's B-58 Hustler. The panels are bonded with Shell Epon Adhesive 
422 Tape. The sandwich panels in the Hustler's primary structures are of phenolic resin-glass 
fabric honeycomb core which has thin aluminum skins bonded on each side. 


self-contained dual power source. The 
training device weighs (0.45 Ib., is 4 by 1 by 
1'/; in., and can be operated by 600-psi 
pressure input or electrical ignition. 
Stanley engineers report operation from 
—65° to 160°F. to altitudes of 65,000 ft. 
and under water after a 24-hour soak. 


e@ Systems Laboratories Corporation has 
appointed a new slate of corporation of- 
ficers: James A. Marsh, President; 
Richard H. De Lano, Executive Vice- 
President; Wilbert Lloyd, Treasurer; 
and A. J. F. Clement, Secretary. 

e@ Thiokol Chemical Corporation has pub- 
lished a booklet covering the resistance of 
butyl rubber to various solvents and chem- 
icals. The firm says the study is intended 
to offer the compounder or the engineer 
assistance in handling butyl rubber in his 
shop. The booklet is available upon re- 
quest to the firm, 780 North Clinton Ave., 
Trenton 7, N.J. 


The J-75 axial flow jet engine, built by United Aircraft Corporation's Pratt & Whitney 
Aircraft Division, is reported to be the most powerful production turbojet in the world. It 
develops 15,000 Ibs. of dry static thrust, according to P&W, nearly 50 per cent more than its 


slightly smaller predecessor the J-57. 


® Union Carbide Corporation, Haynes 
Stellite Company, has published a new 
104-page edition of Hastelloy Corrosion- 
Resistant Alloys giving information on 
four nickel-base alloys. Copies may be 
obtained from the Advertising Depart- 
ment, 420 Lexington Ave., New York 17, 
N.Y. ... Linde Company division has an- 
nounced new sapphire growing techniques 
in which large sintered crystals have been 
produced to compete in price with sintered 
aluminas and quartz. The division says 
it is able to supply a large variety of rods, 
discs, tubes, domes, and balls of sapphire 
to fill many industrial needs. 


e United Aircraft Corporation, Pratt & 
Whitney Aircraft Division, formally an- 
nounced that it is manufacturing the J-75 
turbojet engine. The axial-flow engine is 
in the 15,000-lb. thrust class, has a close 
resemblance to the J-57, is slightly larger, 
and produces nearly 50 per cent more dry 
thrust. The engine will power Air Force 
and Navy high-performance fighters and 
versions of the Boeing 707 and Douglas 
DC-8. The firm reports that the J-75 has 
outstandingly low specific fuel consump- 
tion and a lower specific weight than the 
J-57 .. .. Hamilton Standard Division en- 
gineers have developed a new air-condi- 
tioning system for the B-58 which, they 
say, drops the air temperature 1,000° 
in less than a second. 

® United Air Lines, Inc., has announced 
that it will test what it calls a revolutionary 
method to board and deplane passengers 
via an all-weather covered ‘“‘gangplank” 
at Chicago’s O'Hare International Air- 
port. Called an ‘‘Aero-Gangplank,”’ it 
was developed by Lockheed Air Terminals, 
Inc. The three-section elevated unit con- 
sists of a self-powered telescoping span, 
bridging the second-level distance between 
the projecting ‘‘finger’’ of the passenger 
concourse and the plane door. 

Vertol Aircraft Corporation has 
veloped four new modifications, three of 
which are claimed to increase stabiliza- 
tion, for its H-21 helicopter. The im- 
provements include a ‘‘differential delta- 
three’ device for longitudinal stability, 
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4 VAPOFLASH TEMPERATURE PROBES 
IN PARALLEL 


VAPOFLAS 


Here Is How VAPOFLASH® Is Used: 
Four or more VAPOFLASH PNEUMATIC 
PROBES are mounted in the turbine exit 
gas stream to provide an average meas- 
urement of the gas temperature. Com- 
pressor discharge pressure is fed through 
a fixed restrictor to a manifold pipe con- 
necting all VAPOFLASH probes. The control 
pressure leads to the engine fuel control. 


When the gas stream temperature acts 
upon the control band, the vAPOFLASH 
probes begin to bleed air to the atmos- 
phere, reducing the control pressure 
proportionally. The power level of this 
control pressure signal is such that 
greatly simplified mechanisms can be 
used to modulate engine fuel flow. The 
VAPOFLASH technique is equally applica- 
ble to afterburner fuel control and vari- 
able exhaust nozzle control. 


A VAPOFLASH SWITCH provides single- 
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TRADE MARK 


© 
z 
z 
< 
= 


“IN| 9 


CONTROL PRESSURE 


FIXED RESTRICTOR 


19S7 85 


SUPPLY PRESSURE 


ELECTRICAL SIGNAL 


VAPOFLASH SWITCH 


pole, single-throw electrical contact ac- 
tuation at a desired gas temperature. 
When calibrated to a higher set point 
than the pneumatic probe, this unit will 
provide an electrical control signal for 
emergency over-ride action. 


The VAPOFLASH principle is also available 
as a temperature probe to control fluid 
pressure directly as a function of tem- 
perature. This configuration is partic- 
ularly advantageous when applied in a 
rocket gas generator control. 


Get complete technical details and appli- 
cation data about VAPOFLASH in its three 
forms. We are confident that our long 
experience and extensive facilities for 
developing, manufacturing and testing 
jet engine control components can be of 
practical value to you. For full informa- 
tion and engineering counsel, please ad- 
dress your inquiry to our headquarters 
plant, Danbury, Connecticut. 


MANNING, MAXWELL & MOORE, 
AIRCRAFT PRODUCTS DIVISION + DANBURY, CONNECTICUT « INGLEWOOD, CALIFORNIA 


OUR AIRCRAFT PRODUCTS INCLUDE: TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS * ELECTRONIC 
AMPLIFIERS * PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES 
THERMOCOUPLES * FUEL CONTROL VALVES * HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS 


TO OVER-TEMPERATURE DEVICE 


FOR HIGH-TEMPERATURE MEAS 
CONTROL... PROTECTION 


THE VAPOFLASH 


RUGGED ...SHOCK RESISTANT... 
FAST RESPONSE...EASY TO INSTALL 
Standard VAPOFLASH contro! elements are 
being used in steady state temperatures 
as high as 1750° F, and 
current development is di- 
rected toward still higher 

operating temperatures. 


Electrical 


Contacts Output Pneumatic Fuel Pressure 

.. for Over- Output...for Output...for 

temperature Air Powered Fuel Powered 
Protection Controls Controls 
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an automatic roll rate damper unit for 
lateral stability, enlarged vertical tail fins 
for directional stability, and metal rotor 
blades for improved performance... . 
William E. Boom has been appointed 
European Sales Manager and James N. 
Davis, Assistant to the President of the 
firm. 


@ Vickers Incorporated has announced a 
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new line of miniaturized motorpumps. 
The firm reports Model AA-19054 de- 
livers 0.84 g.p.m. at 7,400 r.p.m. and 1,000 
psi; the hydraulic pump weighs 1| Ib. and 
the electric motor 7 lbs. Overall length of 
both the pump and motor is 9'5/;¢ in. 

© Westinghouse Electric Corporation has 
named R. D. Rowley Manager of its metals 
plant at Blairsville, Pa 


VTOL and Jet Engines 
Atlanta Section 


“Aircraft Engine Development Trends” 


were discussed by Ray T. Lewis at the 
May 8 meeting. Mr. Lewis is Manager, 
Commercial Engine Sales, General Electric 
Corporation. 

He briefly traced the growth of jet en- 
gines from the Whittle centrifugal flow 
compressor engine which had 1,400 Ibs. 
thrust and powered the Bell P-59. The J- 
31 and J-33 engines used in Lockheed P- 
80's followed this early engine. 

The first axial flow compressor en- 
gine was the J-35 followed by the J-47, 
used in B-47's and F-86's. This engine 
was rated from 5,000 to 7,000 Ibs. thrust. 
The J-79 has 10,000 Ibs. thrust, with the 
commercial model (CJ-805) having the 
same thrust. 


Commercial jets must have extreme re 
liability and be economical to operate and 
maintain. Design objectives that must 
be followed to realize this goal include 
simplicity, small frontal area, ruggedness, 
light weight, high specific thrust, easv 
maintenance, and good growth potential. 
Mr. Lewis subdivided a typical jet engine 
into major components to show how these 
commercial design characteristics are in- 
tegrated into the engine design. He de 
scribed some of the design considerations 
of these components 

Mr. Lewis said the compressor is one 
of the most important engine components. 
The axial flow is used ex- 
tensively because of its relatively reduced 
frontal area and the two to three times 
higher pressure ratios that may be ob- 
tained compared to a_ centrifugal-type 
compressor, 


compressor 


For details, write... 


A new tool for High Temperature Research ° 
- + + continuous operation at controlled 
temperatures from 5,000°K to 15,000°K 


PLASMA| |TRON 


18400 South Main Street, Santa Ana, California 


AUS S7 


He also described the combustion see. 
tion behind the compressor which usually 
consists of several cylindrical cans set an. 
nularly about the engine. The major prob 
lem in this area is the ability to make sue. 
cessful starts of the engine while in flight 
at high altitude. 

Behind the combustion area is a turbine 
which supplies power to drive the com. 
pressor by means of a shaft. The major 
problem with this component is operation 
under high centrifugal loadings while at 
elevated temperatures. The turbine tem 
perature is one of the limiting factors of 
engine performance. 


p> W. Z. Stepniewski, Chief, Research and 
Development, Vertol Aircraft} Corpora- 
tion, spoke on “Basic Performance As- 
pects of VTOL and STOL Aircraft” at the 
April 4 meeting. 

Mr. Stepniewski covered the ‘‘state of 
the art” and pointed out that no STOL air- 
craft, meeting generally accepted take-off 
requirements, has been built, although 
many proposals for such an aircraft exist 

More important among design consider- 
ations for VTOL aircraft is the time to be 
spent in hovering to satisfy mission re- 
quirements. For short hovering times, 
rotors may be highly loaded and attendant 
high fuel consumption negligible. But for 
long hovering times, rotors must have low 
loadings to reduce fuel consumption. 

Mr. Stepniewski showed sketches of sev- 
eral proposed VTOL aircraft and pictures 
of Vertol’s new tilt-wing airplane. He 
said that it would be used to investigate 
major problems of stability and control 


¥* 
j 
| 
ae 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1957 87 

ll Sec- 

Sually i 4 i i 3 00 
“= | New STOL Aircraft will dart to mph... 

Suc- 

flight 

irbine 
com- 
Major 

ration 

ile at 

tem 

ors of 
‘h and 

rpora- 
As. 

at the 
ate of IS; \ 
air- 
ike-off 
hough W 

exist 
isider- > 

to be \ 

times, 

ndant 
ut for 
ve low 

f sev- 
ctures 
He 

tigate 
ontrol 


Slow to a hover 


Kaman Aircraft, under contract to the 

U.S. Navy, is developing a new and different 
STOL aircraft concept. Drawing on its experience 
as a pioneer in the development of turborotor 
helicopters, Kaman has designed an aircraft 
which will incorporate the best features of 
helicopter performance from 0 to 50 mph, 

and perform as a fixed wing aircraft at 

speeds up to 300 mph. 


This STOL aircraft is another contribution Kaman 
is proudly making to our National Defense effort. 


THE KAMAN AIRCRAFT CORPORATION 
Bloomfield, Connecticut 
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during hovering and transition of the 
wing from vertical to horizontal. 


C. V. Secretary 


Baltimore Section 


Paul Garber presented an_ illustrated 
lecture on ‘“‘The Story of the Wright Broth- 
ers’ before 78 members and guests at the 
June 6 dinner meeting. Mr. Garber is 
Head Curator, Aeronautics Exhibit, Na- 
tional Air Museum, Smithsonian Institu- 
tion. 

After his talk, the results of the election 
of new officers were announced. The new 
slate includes F. H. Clauser, Chairman; 
Robert L. Zouck, Vice-Chairman; E. J. 
Weber, Treasurer; and George C. Pfaff, 
Secretary. The next meeting will be held 
in the fall. 

R. G. CLANTON, Secretary 


Chicago Section 


Some 100 members and guests attended 
the annual social meeting May 22 at 
Glenview Naval Air Station. A new 
slate of officers elected at this meeting 
were Chairman—Harry Wiant, Staff En- 
gineer, Cook Research Laboratory; Vice- 
Chairman—R. A. Schram, Assistant Sales 
Manager, Shafer Bearing Division, Chain 
Belt Co.; Secretary Joseph I. Islinger, 


Research Engineer, Armour’ Research 
Foundation; and Treasurer—-Normand 
L. Sorenson, -Flight Engineer, Trans 


World Airlines. 
After the business meeting a film depict- 
ing Navy Air Corps history was shown. 
R. F. HUNTER, Secretary 


Air Safety 
Hampton Roads Section 


Some 60 members, wives, and guests 
heard Jerome Lederer discuss ‘‘“Some Non- 
technical Problems in Air Safety’ at the 
May 14 meeting. Mr. Lederer is Director 
of the Cornell-Guggenheim Aviation 
Safety Center and the Flight Safety 
Foundation. 

He reviewed the present and past story 
of safety in commercial flight and cited 
statistics to show that commercial flight 
is increasingly safer. The casualty rate 
per passenger-mile today is considerably 
less than even 10 years ago. Statistics 
show that it is some three times safer to fly 
on a commercial air line than to travel by 
private automobile. But the low casualty 
rate of the present is not satisfactory for 
the future. The same rate for expected 
greater air travel would mean about 500 
casualties per year—a rate not acceptable 
to the public. 

Among the nontechnical subjects dis- 
cussed by Mr. Lederer were problems 
classed as emotional, legal, and political. 
Emotional problems include individual 
preferences based on individual circum- 
stances. Responsible participants involved 
in accidents sometimes fear to present a 
complete picture because of possible legal 
action that might be taken as a result of 
their testimony. A political problem is 
created by many committees with inade- 
quate and overlapping responsibilities 
which hamper improved traffic methods. 
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Honorary Chairman was Melvin N. 
Gough, Chief of Flight Research, NACA. 
p> The Annual Career Day Program was 
conducted by E. C. Polhamus and W. C. 
Hayes, Jr., of the Section’s Student Ac- 
tivities Committee at Huntington High 
School, Newport News, Va., on April 11. 

Some 80 senior high school students at- 
tended. The engineering group, each 
member of which had expressed an inter- 
est in some branch of the field, was the 
largest among 25 vocational groups. 

A discussion augmented with slides cov- 
ered what the engineer does, what training 
he needs, and what opportunities are 
available to him. A color film describing 
research at several NACA facilities also 
was shown. 

Students and faculty members of the 
school’s Vocational Guidance Department 
were given copies of the IAS brochure. 


RICHARD T. WHITCOMB 
Recording Secretary 


Indianapolis Section 


The annual business meeting and elec- 
tion of officers was attended by 85 mem- 
bers and guests on May 14. The dinner 
meeting was preceded by a social hour 
sponsored by Marman Products Division, 
Aeroquip Corporation. 

New officers for 1957-1958 are Paul E. 
Stanley, Purdue University —Chairman; 
Allen R. Stokke, The Garrett Corpora- 
tion—Vice-Chairman; R. J. H. Bollard, 
Purdue University—Secretary; and John 
M. Adams, Allison Division, General Mo- 
tors Corporation — Treasurer. 

Board members elected include Paul F. 
Ferreira, Jr., and George J. Clingman, both 
of Allison Division, and William R. Haney 
of the William R. Whittaker Co. Elmer 
F. Bruhn, of Purdue University, was 
named Representative to the Nominating 
Committee for Area Councilors. 

Chairman Robert E. Saff and committee 
chairmen reported on activities during 
1956-1957. These included briefs frorm 
Roger W. Merriman, Membership Com- 
mittee; Paul E. Stanley, Student Paper 
Competition; Michael Bifano, Publicity 
Committee; and Robert L. Myers, Stu- 
dent Interest and Education Activities. 
Treasurer James D. Anderson presented 
the financial report. 

Highlight of the reports was the increase 
in membership——more than 30 new mem- 
bers were accepted during the year. The 
Chairman also cited participation of Cor- 
porate Members in Section activities. 

After the business meeting two films 
were shown. The Section will resume 
activities next fall. 

James B. Cant, Acting Secretary 


Institute’s 28th Section 
Kansas City Section 


Three officers of this new Section met at 
the home of Chairman H. F. Faught on 
May 28 to set up program and member- 
ship committees, review planning for sum- 
mer field trips, and discuss miscellaneous 
business in connection with Section opera- 
tions. 

Vice-Chairman M. B. Fannon was 
appointed Chairman of the Program Com- 


mittee. Others appointed (subject to 
their acceptance) were E. K. Parks, S. L, 
Higginbottom, P. M. Sarles, and T. R. 
Marks. 

Appointed to the membership commit- 
tee were F. A Rosenthal (Chairman), F, 
W. Henning, L. Homer Mouden, David 
A. Hartline, and A. S. Andes (ex-officio 
member ). 

Discussion of field trips led to the deci- 
sion not to arrange one for June because of 
insufficient time for planning. Under 
consideration are visits to Westinghouse 
Electric Corporation’s Aircraft Gas Tur- 
bine Division and Grandview AFB. 

Section Treasurer Paul Hartline was as- 
signed responsibility for dinner meeting 
arrangements to preserve continuity and 
efficiency. He will serve as an ex-officio 
member of the program committee for this 
purpose. 

Several items of action for the Secretary 


present were Chairman Fought, Vice- 
Chairman Fannon, and Secretary J. R. 
MacPherson. 

The standard draft constitution in the 
IAS Section Officers’ Guide will serve as a 
basis for operation. Preparation of by- 
laws to supplement the constitution will 
be undertaken at a later date. 
> R. P. Kroon of the Steering Committee 
was toastmaster at the May 15 dinner 
meeting at which results of the mail ballot 
for new officers were announced. 

Elected to the Advisory Board were R. 
P. Kroon, R. W. Rummel, A. S. Andes, and 
V. V. Schloesser. The Section’s officers are 
H. F. Faught, Chairman; M. B. Fannon, 
Vice-Chairman; J. R. MacPherson, Sec- 
retary; Paul A. Hartline, Treasurer; and 
J. W. Lawton, Section Representative. 

After the slate was ratified, the new 
Chairman suggested formal meetings be- 
gin in Septeinber to allow time for plan- 
ning committees to prepare programs. . 

Robert R. Dexter, IAS National Secre- 
tary, explained future plans and current 
activities of the Institute, dwelling on. ex- 
panding international activities, the de- 
velopment of an annual International 
Congress on Aeronautics, publication of 
abstracts of technical papers, and aspects 
of Section activity important to IAS 
Headquarters. 

Guest: speaker Sidney Eckblaw of the 
University of Kansas City discussed ‘‘The 
Earth’s Atmosphere and Its Circulation.” 
He reviewed the principal wind currents 
and basic makeup of atmosphere and pre- 
sented a short film. In addition, an Air 
Force film, Aeronautical Oddities, was 
shown 


J. R. MacPuerson, Secretary 


Rocky Mountain Section 


Herman Salmon, Chief Engineering 
Test Pilot, Lockheed Aircraft Corpora- 
tion, described problems involved in de- 
veloping an ejection seat for the F-104 
before some 80 members at the April 10 
meeting. 

The seat, he said, was developed 
jointly by Lockheed and Stanley Aviation 
Corporation, the current manufacturer. A 
variety of configurations were given scale 
model slingshot tests and full-scale tests 
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Newest of the famous Bell Model 47 family, the Ranger cruises with its four passenger load at more than 90 m.p.h. 


for the toughest control applications 


eR AIRCRAFT BEARINGS 


Shafer Aircraft Bearings 
are used throughout the 
versatile Ranger at crit- 
ical control points. 


Toughest of all aircraft bearing applications is in 
the control system of rotary wing aircraft. 

Constant vibration, continually varying in- 
flight deflections of structural members, oscilla- 
tory loads, shock loads—all combine to call for 
the utmost in bearing performance. 

Shafer Bearings are specified by Bell engineers 
because they provide full capacity under all these 
conditions at all degrees of misalignment to plus 
or minus 10°. Regardless of size, Shafer Bear- 
ings deliver the performance and the greatest 
load capacity for envelope dimensions and 
weight—greater than any other self-aligning 
anti-friction bearings available today! 

Shafer rollers align themselves naturally, elim- 


inating roller end wear and race surface scuffing 
—insvring unrestricted radial capacity under all 
conditions. 

All Shafer Aircraft Bearings provide for re- 
lubrication in service—without disassembly or 
removal from the aircraft structure—of special 
importance for long life in helicopter applica- 
tions. This original Shafer feature makes it prac- 
tical and easy to extend service life three to ten 
times that of bearings not relubricated. 

There is much more to a Shafer Bearing—and 
you'll want the whole story. Write for Catalo 
54. CHAIN Belt Company, Shafer Bearing Divi- 
sion, 801 Burlington Ave., Downers Grove, Ill. 


CHAIN company 
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on a rocket-propelled sled at Holloman 
AFB. 

Mr. Salmon said that a good deal of en- 
gineering ingenuity was needed to create a 
configuration which was aerodynamically 
stable and which would provide _pilot- 
protection against supersonic blast. Mov- 
ies of the final configuration showed how 
stability was achieved by making use of 
lateral roll-damping fins and a skip-flow 
generator. The complicated requirement 
of having the pilot’s arms, legs, and body 
trunk strapped to the seat during separa- 
tion from the seat after ejection was over- 
come by using automatic devices. Addi- 
tional automatic devices open the chute. 

In the course of his talk, Mr. Salmon 
brought out details about design concepts 
embodied in the F-104. He spoke from 
personal experience about the plane's fly- 
ing qualities and told of an instance when 
he had to bail out because of power failure. 

Chairman Allison Arnold announced 
tentative plans for a visit to Air Defense 
Command facilities at Ent AFB, Colorado 
Springs, Colo. 2 

ARTHUR W. GILMORE, Secretary 


Tullahoma Section 


A new slate of officers elected at the 
June 10 meeting were J. L. Potter, Chair- 
man; H. E. Gardenier, Jr., Vice-Chair- 
man; H. A. Reichmann, Jr., Secretary; 
and J. A. Millillo, Treasurer. 

Don Eastman spoke on ‘Operations of 
the Strategic and Defensive Air Forces”’ 
after the election. 

His discussion covered the capabilities, 
equipment, personnel, and combat readi- 
ness of such Air Force organizations as 
the Strategic Air Command, Air Defense 
Command, and SAGE. 


WILLIAM T. STRIKE, JR. 
Secretary 


Balloon Research 
Washington Section 


Malcolm D. Ross discussed ‘‘Investiga- 
tions With High-Altitude Balloons” at the 
May 14 meeting. Mr. Ross is Physicist, 
Air Branch, Office of Naval Research. 

The topic dealt with various phases of 
upper atmosphere research, achieved and 
possible, with balloons. Developmental 
efforts of Piccard and Akerman in the 
thirties resulted in the nylon balloon for 
flights up to 30,000 ft. for early weather 
information. Nylon, which was sensitive 
to temperature changes, gave way to 
polyethylene and, later, mylar plastic bal- 
loons for flights to 100,000 ft. Rockets 
carrying balloons have made it possible to 
collect data at 300,000 ft. 

Balloons are also used to photograph 
hurricanes, Mr. Ross said. A_ balloon 
ballasted to take advantage of air currents 
is floated out over the hurricane at 30,000 
ft. Altitude is then increased to 90,000 
ft. for return over the hurricane with in- 
struments and cameras to take panoramic 
pictures of the storm below. 

Mr. Ross and Lt. Comdr. M. L. Lewis 
set an unofficial altitude record for manned 
flight in balloons when they rose to 76,000 
ft. Both received the Navy League An- 
nual Award of Merit for this flight. 
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A scientist from the Naval Research 
Laboratory added to the meeting infor- 
mally with a brief discussion of rockets and 
the satellite in ultrahigh altitude research. 
He compared information gathered in this 
manner with that obtainable by balloon 
research. 

Captain S. S. Sherby, USN, May Pro- 
gram Chairman, had scheduled a visit to a 
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fleet carrier for May 14, but the trip was 
postponed for a future date because of a 
Navy priority commitment. 


Honorary Chairman was Capt. Alfred 
B. Metsger, USN, Deputy Chief of Naval 
Research, 

G. L. DESMonD 
Secretary-Treasurer 


Air Force Institute of Technology 


Some 90 members and guests saw two 
movies, ARDC Staff Film Reports 30 and 
31, at the May 10 meeting. The staff 
films are classified monthly progress re- 
ports of various ARDC projects. 

The meeting was sponsored jointly by 
the Branch and the Honor Society of Pi 
Epsilon Gamma. 


Ist Lt. ALIDORE A. JANCAUSKAS 
Secretary 


Georgia Institute of Technology 


A. J. Berryman described Boeing Air- 
plane Company’s Pilotless Aircraft Divi- 
sion at the May 13 meeting. He is a 
Missile Research Engineer at Boeing's 
Patrick AFB test site. 

Mr. Berryman covered the many prob- 
lems encountered in missile engineering 
and the progress his firm has made in this 
field. 

During the business meeting a motion to 
amend the bylaws was approved by a vote 
of 32 to 1, with six members abstaining. 
The motion provides for dropping members 
who fail to pay dues by the third meet- 
ing of each quarter. 
> Raymond J. Volluz, Chief, Supersonic 
Wind Tunnel at Convair’s Daingerfield, 
Tex., facility, spoke on ‘‘Work at Dainger- 
field’’ at the April 29 meeting 

He gave a brief history of the facility and 
said that although work done there was for 
the Government, all aircraft manufactur- 
ers would benefit from it. He showed 
slides of the plant, high-altitude test fa- 
cilities, supersonic wind tunnel, and force 
and pressure equipment 

He concluded with the prediction that 
in 10 years piloted aircraft will fly 5,000 
m.p.h. and piloted rockets, 10,000 m.p.h. 
He also said manned space flight will be 
possible in 20 years. 


Roy W. Harris, Jr., Secretary 


Indiana Technical College 


Rex Pierson and Maurice Landford were 
given awards at the May 7 meeting. Mr. 
Pierson received the Outstanding Student 
Award and Mr. Landford the IAS Scholas- 
tic Award. 

Later, a representative from North 
American Aviation, spoke on 
“Fighter Aircraft.’ He explained tech- 
nical problems of building supersonic air- 
craft. 


p> A picture for the school yearbook was 
taken at the April 9 meeting and meeting 
dates for the fall term announced. 

Some 40 members attended both meet- 
ings. 


Jack BoccaLEonl, Secretary 


lowa State College 


David E. Mellen spoke on the automatic 
control of manned aircraft at the May 22 
meeting. Mr. Mellen is Manager, Auto- 
pilot) Analysis Division, Minneapolis- 
Honeywell Regulator Company. 

He compared the damping of an aircraft 
to a spring mass system and explained the 
need for damping in current aircraft. He 
also discussed and demonstrated poor, 
good, and satisfactory damping and the 
effects of Mach Number and altitude on 
at. 


Joun ANDERSON, Secretary 


Massachusetts Institute 
of Technology 


Leonard Arnowitz of The Martin Com- 
pany discussed Project Vanguard before 
75 members on May 14. Mr. Arnowitz is 
Assistant Project Engineer in charge of 
flight path for the project. 

He explained Project Vanguard in con- 
nection with the International Geophysi- 
cal Year. He described requirements for 
establishing a vehicle in an orbit and the 
tolerances necessary to maintain its direc 
tion and velocity. An elliptical orbit is 
best suited because it allows for maximum 
error within a 200 to 1,400-mile altitude 
limit. 

Stability will be maintained by swivel- 
ling the rockets rather than an aerody 
namically stable structure form. The 
missile will be 72 ft. long, weigh 11 tons, 
and travel 18,000 m.p.h. He described 
first-phase control in detail used 
slides of an artist's conception to illustrate 
his points. 


WILLIAM Tow Le, Secretary 


North Carolina State College 


R. P. Petuiolos spoke on ‘Some Prob- 
lems of High-Speed Flight’ at the April 
9 meeting. He is on the staff of North 
American Aviation’s Columbus Division 

One of the items he discussed was the 
problem of getting high-speed data for de- 
sign. He showed a movie, Rocket Sled 
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AUEY STREAM, L. 


ANALYZER 


Two of the most important factors that affect jet engine life, efficiency, and safe 
operation are Exhaust Gas Temperature (EGT) and Engine Speed (RPM). Excess 
heat will reduce “bucket” life as much as 50% and low EGT materially reduces 
efficiency and thrust. Any of such conditions will make operation of the aircraft 
both costly and dangerous. The JETCAL Analyzer predetermines accuracy of the 
EGT and (interrelatedly) Tachometer systems and isolates errors if they exist. 


The JETCAL ANALYZES JET ENGINES 10 WAYS: 


1) The Jetcat Analyzer functionally tests 
EGT thermocouple circuit of a jet aircraft or 
pilotless aircraft missile for error without 
running the engine or disconnecting any wir- 
ing. GUARANTEED Accuracy is +4°C, at en- 
gine test temperature. 

2) Checks individual thermocouples ‘‘on the 
bench” before placement in parallel harness. 
3) Checks thermocouples within the harness 
for continuity. 

4) Checks thermocouples and paralleling 
harness for accuracy. 

5) Checks resistance of the Exhaust Gas 
Temperature system. 

6) Checks insulation of the EGT circuit for 
shorts to ground and for shorts between leads. 
7) Checks EGT Indicators (in or out of the 
aircraft). 


8) Checks EGT system with engine removed 


from aircraft (in production line or overhaul 
shop). 

9) Reads jet engine speed while the engine is 
running with a guaranteed accuracy of +0.1% 
in the range of 0-110% RPM. Additionally, 
the TAKCAL circuit can be used to trouble 
shoot and isolate errors in the aircraft tachom- 
eter system. 


10) JetTcat Analyzer enables engine adjust- 
ment to proper relationship between engine 
temperature and engine RPM for maximum 
thrust and efficiency during engine run (Tab- 
bing or Micing). 

ALSO functionally checks aircraft Over- 
Heat Detectors and Wing Anti-Ice Systems 
(thermal switch and continuous wire) by 
using TEMPCAL Probes.. Rapid heat rise .. . 
3 minutes to 800°F! Fast cycling time of 
thermal switches . . . 4 to 5 complete cycles 
per minute for bench checking in production. 


B&H INSTRUMENT Co., INC. 
3479 West Vickery Blvd. * Fort Worth 7, Texas 


Sales-Engineering Offices: 


108 So. Franklin, LO 1-9220 © DAYTON, OHIO: 


209 Commercial Bldg., M! 4563 © COMPTON, CAL.: 


Tests EGT System Accuracy to 
=+4°C at Test Temperature 


(functionally, without running the engine) 


Tests RPM Accuracy to 10 RPM 
in 10,000 RPM (==0.1%) 


The JETCAL is in worldwide use .. . by the 
U.S. Navy and Air Force as well as by major 
aircraft and engine manufacturers. Write, 
wire or phone for complete information. 


105 N. Bradfield St., t 
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TEMC CONTROL CONSOLE © 


Vibration Testing cuts 
product development time 


Testing components and struc- 
tures with electrodynamic vi- 
bration exciter systems cuts re- 
search and development time in 
aircraft and missile systems. 
Often within hours, or minutes, 
the effect of service vibration 
can be pinpointed. 


MB has perfected shaker sys- 
tems that permit testing to all 
required specifications, enable 
engineers to speed product de- 
velopment from blueprint to pro- 
totype to production. 


COMPLEX MOTION TESTING 


Several MB Exciter Systems re- 
produce complex and random 
motions. They can subject prod- 
ucts to the actual service vibra- 
tion. The Model C10VB Shaker 
shown offers the widest fre- 
quency range for its force. Model 
C25HB provides higher forces 
for higher “g.” 


MB manufacturing company 


A DIVISION 


ENVIRONMENTAL TESTING 
Both the above shaker systems 
can be used with environmental 
chambers .. . for “high altitude” 
and high or low temperature 
vibration testing. Oil cooled, they 
don’t affect chamber vacuum. 


SPECIFICATIONS 
MB C10VB System provides .. . 
10 “‘g’ on table loads to 145 Ibs. 
20 “g’’ on table loads to 57.5 Ibs. 


Force output: Band width: 


1750 Ibs. Sine 5-5000 cps 
1050 Ibs. RMS 15-2000 cps 
3150 Ibs. Peak 15-2000 cps 


MB C25HB System provides . . . 


10 “‘g” on table loads to 422 Ibs. 
20 ‘‘g” on table loads to 172 Ibs. 


Force output: Band width: 


5000 Ibs. Sine 5-2000 cps 
3500 Ibs. RMS 15-2000 cps 
10,500 Ibs. Peak 15-2000 cps 


In meeting your requirements, 
MB offers you advanced designs 
. .. plus quality construction of 
shaker, amplifier and control 
system . .. plus an experienced 
field service organization. 


OF TEXTRON, INC. 


1073 State Street, New Haven 11, Connecticut 
HEADQUARTERS FOR PRODUCTS TO ISOLATE ...EXCITE...AND MEASURE VIBRATION 


VIBRATION 
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Testing for Flutter, in this connection. 


RICHMOND P. BoyDEN 
Corresponding Secretary 


Oregon State University 


The Branch sponsored a paper presenta- 
tion banquet recently where four members 
read technical papers scheduled for com- 
petition in the West Coast Regional Con- 
ference. 

First prize of $25 and 1-year free mem- 
bership went to Jack D. Dennon for his 
paper ‘‘The Design and Development of a 
Wind Turbine Powered Tethered Rotary 
Winged Aircraft.’’ Second prize went to 
Robert L. Balch for ‘An Experimental 
Method of Determining Column Critical 
Load by Measurement of Frequency of 
Vibration.” Dale L. McLellan took third 
prize for “An Analysis of Prestressed 
Bolts,” and fourth prize went to Walter T. 
Davey for ‘“‘A Device for Determining Air- 
craft Position as an Aid to Aerial Naviga- 
tion.”’ 

The four judges were Edward Jannsen 
and Robert Sturges of the Aero Club of 
Oregon; Louis N. Stone, Associate Pro- 
fessor of Electrical Engineering; and R. 
L. Richardson, Associate Professor of 
General Engineering. 

Mr. Jannsen also presented the IAS 
Scholastic Award and 1-year free member- 
ship to Maurice Rasmussen for attaining 
the highest scholastic record during junior 
and senior years. 

K. Howe Secretary 


The Pennsylvania State University 


Thirty-five members met to elect new 
officers at the May 21 meeting. 
elected were Robert H. 
Chairman; James E. McLaughlin, Vice- 
Chairman; and Robert E. Henderson, 
Secretary-Treasurer. 

John A. Fox, Branch Faculty Adviser, 
reviewed happenings at the Middle At- 
lantic Regional Conference which he and 
12 members attended. 

Kenneth P. Kerr was given the IAS 
Scholastic Award. Frederick K. Evans 
and Raymond F. Carlin, Jr., were given 
the Student Branch Lecture Award. 

Three Air Force News Digest films were 
shown, depicting latest technical and non- 
technical Air Force developments. 


Jerry C. Dunvap, Secretary 


Those 
Dunkelberger, 


Polytechnic Institute of Brooklyn 


Eugene Sevigny, a senior in aeronauti- 
cal engineering, drew upon 4 years’ experi- 
ence in helicopter component testing to 
discuss ‘‘The Engineering Aspects of 
Helicopter Flight”’ on May 21. 

Ordinarily, a high lift airfoil section for 
the rotor would seem sensible for helicop- 
ter hovering ability. But resulting mo- 
ment produces too much blade twist, and 
a symmetric airfoil whose center of pres- 
sure coincides with the blade’s center of 
gravity must be used. 

Normal variation of lift with velocity 
squared tends to make the outer blade 
critical for lift. _To provide a more nearly 
linear variation of lift along the blade 
span, the airfoil’s geometry and angle of 
incidence are varied. The ideal rotor 
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reported with J&L hot extruded cold drawn 
section 


This pawl was previously milled from a 4%” x 144” hot rolled 
oil hardening tool steel. Conversion to a cold drawn extruded 
section cut cost from 45¢ to 22¢ per part. 


Red area shows scrap loss before 


conversion to extruded section 


Here’s how extruded sections can cut your cost: 


1. Eliminate machining and finishing operations. 
2. Reduce scrap losses almost to zero. 
3. Eliminate cost of casting and forging intricate sections. 


4. Reduce inventories because extrusions are quickly 
available. 


Investigate this new production technique for your shape 
profiles—within present limits of a design which can be 
inscribed in a three-inch circle. Available in a wide range of 
carbon and alloy steels. For specialty alloy and tool steels, 
submit inquiry. Get complete details by writing to the 
Jones & Laughlin Steel Corporation, Dept. 526, 3 Gateway 
Center, Pittsburgh 30, Pennsylvania. 


Jl Jones & Laughlin 


STEEL ...a great name in steel 
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speed would be that which keeps the tips 
just below sonic velocity. Actually, maxi- 
mum tip speed is kept well below half this 
value to compensate for increased relative 
velocity felt by the advancing rotor blade. 

He said that lifting force on the advanc- 
ing and receding blades is equalized by 
applying the Cierva flapping blade effect 
through articulated or individually hinged 
blades. 

The rotor hub is surrounded by a 
washer-like wobble plate which moves up 
for climb; down for descent; and tilts for 
turning, forward, and backward flight. 

ALLEN J. SCHNEIDER 
Recording Secretary 


Rensselaer Polytechnic Institute 


Jack Roberts discussed ‘“‘Remote Con- 
trols of Missiles and Aircraft’’ at the se- 
mester’s last meeting on May 8&8. He is 
Senior Engineer, Design Department, 
Aeronautical Equipment Division, Sperry 
Gyroscope Company. 

Arthur Sutherland, newly elected Chair- 

man of the Branch, introduced Mr. Rob- 
erts whose discussion covered the history 
of pilotless aircraft. He began with the 
Sperry autopilot of 1914, continued with 
the drone B-17’s of World War II, and 
spoke of current missiles and jet drones. 
Today’s drones are used for many purposes 
including high-performance targets, struc- 
tural research, atomic cloud research, and 
training devices. 
* Mr. Roberts showed slides picturing the 
Sperry control system components in the 
QF-80 jet drone and a film of this drone in 
action. He also presented the Branch 
with a large color photo of the QF-80 and 
answered questions after his talk. 


CHARLES KROMER, 


San Diego State College 


V. J. Schack, Instrumentation Chief, 
Flight Test Group at Convair, San Diego, 
spoke on “Flight Test Function" at the 
May 14 meeting of the Branch which was 
joined by its SAE and ASCE counterparts. 

Mr. Schack covered the various func- 
tions of a flight test group and explained 
its results in the new technical era created 
by modern aircraft. Ten years ago an 
aeronautical engineer could conceive an 
overall picture of a specific aircraft and 
analyze performance characteristics from 
results of flight testing. But today, air- 
craft are so complex that the flight test 
group must be composed of a number of 
specialists —e.g., fluid flow, electronic, 
structure, aerodynamic, thermodynamic, 
and others—in order to obtain a complete 
analysis of results. 

He said that the principal factor behind 
this is the transition from subsonic to su- 
personic speeds. The importance of flight 
testing lies in the fact that good results 
save money in the manufacture of high- 
cost aircraft. 


JAMEs R. FraAuM, Secretary 


Stevens Institute of Technology 


G. Wynette of North American Avia- 
tion, Inc., Columbus Division, was guest 
speaker at the May 15 meeting. His talk 
was given in conjunction with the film, 


Application of Rocket Sled Techniques to 
Flutter Testing. 

After explaining the importance of 
proper weight distribution in modern air- 
craft, he went on to cite numerous oppor- 
tunities for engineers in aviation. 

This was the last meeting of the spring 
semester. The next meeting is scheduled 
for September. 

JAMEs E. ROE 
Corresponding Secretary 


University of Alabama 


Officers for the fall semester were elected 
at the May 16 meeting. They are Thomas 
J. Lee, Chairman; Gordon Johnson, Vice- 
Chairman; William F. Britt, Secretary; 
and Anthony Gregoire, Treasurer. James 
O. Nichols will remain as Faculty Adviser. 

Thomas J. Lee read a paper, ‘Theory 
and Design of a Shock Tube for Use as an 
Aerodynamic Test Facility,”’ which he 
planned to enter in the Southeastern Re- 
gional Student Conference. 

Thirty-eight members saw two films 
loaned by the AFROTC at the April 4 
meeting. The films were Air Science in 
Action and USAF News Review. 

The first film demonstrated the use of 
computers, decompression chambers, ejec- 
tion seats, spin tunnels, and ground-to- 
air, air-to-air, and air-to-ground missiles. 
Precision bombing, use of an ‘electronic 
brain,” and automatic target plotting 
were shown. 

The news film showed various phases of 
Air Force operations including B-58 flight 
tests. 


CHARLES WELLS, Secretary 


University of Illinois 


“Karman Vortex Effects on the Design 
of Slender Missiles’’ was discussed by Rob- 
ert S. Goldman at the last meeting of the 
semester on May 8. Mr. Goldman is on the 
Dynamics Staff, The Martin Company, 
Baltimore. 

His talk centered on the problem of con- 
trolling damaging vibrational stresses 
which occur when the “Karman vortex" 
exists. Particular solutions were  ob- 
tained empirically because of the difficult 
nature of the problem. Various configura- 
tions and spoiler arrangements were sug- 
gested to break up the vortices. Mr 
Goldman illustrated his talk with slides. 
He also showed a film of the Tacoma, 
Wash., bridge collapse to illustrate the 
danger of resonant vibrational stresses. 


> Lester W. Smith spoke on ‘Vibration 
Control in Aircraft Equipment” at the 
April 24 meeting. Mr. Smith is Super- 
visor, Vibration Test and Analysis, Ham- 
ilton Standard Division, United Aircraft 
Corporation. 

He restricted his discussion to propellers 
to simplify the topic and, in particular, 
considered four-bladed propellers. He 
covered causes, detection, and elimination 
of symmetric and unsymmetric undesirable 
vibrations. Slides of testing setups illus- 
trating strain-gage location and graphs of 
high vibration stress areas were shown. 

After the talk members engaged Mr. 
Smith in a question and answer discussion. 
p> At the April 10 meeting J. Steinman 
spoke on “An Approach to Structural Re- 
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liability in Missile Design."” He is Head, 
Structures and Materials Section, Weap- 
ons Systems Development Laboratories, 
Hughes Aircraft Company. 

Mr. Steinman discussed aerodynamic 
heating and aeroelastic and general struc- 
tural problems of Falcon-type missiles. He 
showed slides of quantitative graphical 
representations of various parameters. 
Several mathematical formulas illustrated 
how solutions to particular problems might 
be obtained. After his talk, the film 7his 
Is the Falcon was shown. 


JERRY L. HARPER, Secretary 


University of Kentucky 


David Igleheart, a Branch member and 
electrical engineering student, spoke on 
“Successful Cargo Delivery” at the May 9 
meeting. 

He explained how cargo is damaged by 
ground winds which drag it a considerable 
distance. For cargo delivery by para- 
chute to be successful, a device must be 
perfected which will release the parachute 
upon ground contact. He said he was 
working on such a device at Wenner-Gren 
Aeronautical Research Laboratory and 
explained its full operation. 

Later, officers for the fall semester were 
elected. They are John Schiller, Chair- 
man; Bill Ogden, Vice-Chairman; Joe 
Arnett, Secretary; A. L. Wittwer, Treas- 
urer; and William R. Yount, Program 
Chairman. 


A. L. Wittwer, Treasurer 


University of Tulsa 


Richard A. Walz and James P. Fulton, 
graduating members, have accepted posi- 
tions at Lockheed’s Missiles Division and 
Douglas Aircraft’s Tulsa Division. 

Mr. Walz was nominated for the LAS 
Scholastic Award on May 9. W.A. White 
was nominated for the Lecture Award. 
His paper, “Development and Analysis: of 
Design Loads for a Typical Wing-Fuselage 
Intersection,”’ was entered in a Regional 
Student Conference. 
> Officers elected May 2 for the fall semes- 
ter were W. A. White, Chairman; David 
Conn, Vice-Chairman; Kenneth 
Roger, Secretary-Treasurer. 

Two films from Northrop Aircraft, The 
Fang and The Snark, were shown after the 
election. 
> Highlighting Branch activities during 
spring and fall were a film on Light Metal 
Forgings, from Wyman-Gordon Com- 
pany, and a field visit to Douglas’ Tulsa 
Division. 

The film explained processing necessary 
to manufacture large aluminum press 
forgings. The Douglas visit included an 
inspection tour of the YC-132 cargo trans- 
port and a high-altitute test chamber. 


James P. Futon, Chairman 


University of Washington 


Daniel McBeth spoke on the “Boeing 
Gas Turbine” at the May meeting. Mr. 
McBeth is Chief, Application & Evalua- 
tion Unit, at Boeing Airplane Company's 
Industrial Products Division. 

He said Boeing began work on a gas tur- 
bine in 1948 with a staff of three men. The 
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New Waldes Truarc locking-prong ting functions : 


as spring, shoulder, fastener... and STAYS PUT! | 


4 


**L=distance from outer groove wall 
WALDES TRUARC to face of retained part. 


METHOD 


LD METHOD 


}=L** 


“Above assembly shows how 2 Waldes Truarc Locking-Prong Rings 
(Series 5139) replaced 6 parts...eliminated threading operation... WALDES TRUARC LOCKING-PRONG RING (Series 5139) 


and need for skilled labor. U. S. Pat. Pending 


SHAFT RING DIMENSIONS , average GROOVE DIMENSIONS resilient 

Ring end play 
39-4 shear | pia. width| to, | | | 
5139-7 | to. | A | to. | B | to. | | to. | | to. | | ton | tt] tort to | W min: | max.) 


12 .125 | +.002 340 | +.010 | .307 | +.010 | .166 | +.005 | .086 | +.004 | .050 |+.010] .010| +.0013] 400 ].082 | +.0015| .045 | +.005| .035 | 045] .010 
*15 9.156 | +.003 380 | +.010 |.330 | +.010 ].184 | +.005 | 108 | +.004 | .055 |+.010] .010| +.0013] 600 ].104 | +.002] .050 | +.005 | .035 | 045] .010 
18 9.188 | +.003 J .445 | +.010 | .390 | +.010 | .213 | +.005 | .130 | +.005 | .060 |+.010] .015| +.0015] 900 ].124 | +.0024 .065 | +.005 | .045 | .055] .010 
25 .250 | +.003 J 581 | +.010 | 500 | +.010 | .280 | +.005 | .172 | +.005 | .070 | +.010 | .015 | +.0015] 1000 |.165 | +.002] .070 | +.005 | .050 | 065] .015 
31 | +.003 744 | +.010 | 620 | + .010 | 360 | +.005 | 234 | +.005 | .095 | +.010 | .o18 | +-001 1300 [228 | +.003] .o80 | +.005 | .080 | .015 
7.375 | +.003 853 | +.015 |.740 | +.010 | 427 | +.005 | 280 | +.005 |.130 |+.010 | .020 [+.002 1900 |.270 | +.003] .105 | +.005 | .090 | .025 
| +.003 [960 | +.020 | .820 | +.020 .475 | +.010 | .327 | +.010 | .130 | +.010 .020| +.002 2200 ].327 | +.003] .105 | +.005 .095 | .120] .025 


Additional Sizes Under Development Production dies not available as of date of printing +Applies to unplated rings only *Recommended safety factor =3 to 4. 
The Waldes Truarc Locking-Prong Retaining Ring is a new, designed to improve your product...to save you material, machin- 
low cost, radially applied fastener which can be locked positively ing and labor costs. They‘re quick and easy to assemble and dis- 
in its groove and used as a shoulder against rotating parts. It is assemble, and they do a better job of holding parts together. Truarc 
primarily intended for use in the automotive, electronic and aero- rings are precision engineered and precision made, quality con- 
nautical industries. trolled from raw material to finished ring. 


This radially applied ring locks positively in its grooves by 
means of two prongs at the open end. Because of its high thrust- 
load capacity the Waldes Truarc Locking-Prong Ring may be used 
as a shoulder against rotating parts. Its bowed construction pro- 
vides for end-play take-up in the assembly and makes less critical 
the tolerances required for the parts being fastened. Since it serves 
as a spring as well as a shoulder, this ring eliminates the need for 
springs, washers, and other accessory fastening devices. 


36 functionally different types...as many as 97 different sizes 
within a type...5 metal specifications and 14 different finishes. 
Truarc rings are available from 90 stocking points throughout the 
U. S. A. and Canada. 


More than 30 engineering-minded factory representatives and 
700 field men are available to you on call. Send us your blueprints 
today...let our Truarc engineers help you solve design, assembly 
Whatever you make, there’s a Waldes Truarc Retaining Ring and production problems...without obligation. 


SEND FOR FREE SAMPLES 
Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 


(0 Please send me sample Locking-Prong Rings. 
(please specify shaft size______.) 


J (J Please send me supplement No. 1 which brings 


® 


Truarc Catalog RR 9-52 up to date. 
(Please print) 


Name 


Title 


| Busi Address 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787. and other U. S. Patents pending. Equal patent protection established in foreign countries, 
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firm has since extended this work into a 
multimillion dollar business. Boeing tur- 
bines are designed for industrial purposes 
requiring high power rating. 

They are in use with light aircraft, heli- 
copters, small boats, transport trucks, and 
electric generator units. One of the main 
reasons that turbines have not replaced 
piston engines is their high specific fuel 
consumption. But Boeing is confident 
that economy can be improved so that 
turbines may compete with piston engines. 


Donovan J. GIESE, Secretary 


University of West Virginia 


Members elected a new slate of officers 
for the fall semester at the May 22 meet- 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 


ing. New officers are Prof. Leon Z. 
Seltzer, Honorary Chairman; Dick Deak- 
ins, Chairman; Tom Nale, III, Vice- 
Chairman; Al Zimmerman, Secretary- 
Treasurer; and Jack Hunter, Corre- 
sponding Secretary. 

Chester Whitehair was named Publicity 
Chairman upon a motion made by Al Zim- 
merman. Ray Borst suggested the Branch 
invite a Boeing engineer to discuss tur- 
bines at the first fall meeting. 


p> Robert Howard, an alumnus, spoke on 
problems and techniques of structure de- 
sign at the May 2 meeting. Mr. Howard is 
a member of Stress Department, North 
American Aviation, Inc 

His discussion was augmented by a film, 


“PONY POWER” MOTORS 


that give stamina to your products 


Lamb Electric fractional horsepower motors, like the small 
horses of the famed western-pioneer-day Pony Express, are 


developed for stamina. 


Their dependability, and efficiency (optimum weight-size- 
horsepower ratio) are qualities that result from proper design 
and careful manufacture by personnel with many years of ex- 


perience in the small motor field. 


May we demonstrate how Lamb Electric Motors can bring these 
advantages—and also perhaps lower costs—to your products? 


THE LAMB ELECTRIC COMPANY ° 


KENT, OHIO 


A Division of American Machine and Metals, Inc. 


In Canada: Lamb Electric — Division of S 


g Company Ltd.— Leaside, Ontario 


Lamb MOTORS 


FRACTIONAL HORSEPOWER 


Radar voltage regulator 
gear motor. 


A rugged high-torque, 
high-speed motor. 


Motor with efficient 
spur gear speed reducer. 


1957 


The Application of Rocket Sled Techniques 
to Flutter Testing. 

Al Zimmerman gave a report on the 
Student Leadership Conference. Mike 
Foruney and Steve Lewellan reported on 
progress of the engineering show. 


Dick DEAKINS 
Corres ponding-Secretary 


University of Wyoming 


The final meeting of the semester was 
held May 15 in the home of Faculty Ad- 
viser A. B. Stafford. Officers elected for 
the next semester were F. Montgomery, 
Chairman; Dean Hagmann, Vice-Chair- 
man; Robert J. Miller, Secretary; and 
William E. Odell, Treasurer. 

The 15 members present approved a 
motion to name a reporter to take charge 
of all publicity and public relations mat- 
ters. A membership committee of one 
member from each class was set up for bet- 
ter contact with students who may be po- 
tential members. 

In other business, the Branch decided to 
discontinue joint meetings with the ASME 
Branch because of increased IAS Branch 
growth. 


ROBERT J. MILLER, Secretary 


U.S. Naval Postgraduate School 


Alex Charters of NACA’s Ames Aero- 
nautical Laboratory spoke on ‘Research 
in Very High Speed Aeronautics” at the 
May 22 meeting. He discussed problems 
associated with flight in the speed regime 
of a satellite vehicle or an ICBM. After 
explaining testing methods with guns, 
rockets, and hypersonic shock tubes, he 
showed a working model of a free-flight 
range. 

The projectile, a .22-caliber rifle bullet, 
was fired and photographed by spark il- 
lumination during its 6-ft. travel for the 
25 members and guests present. A rap- 
idly developed photo was distributed 
among the audience. Several projectile 
nose shapes were demonstrated and dis- 
cussed during a later question period. 
> Haydon Gordon discussed ‘Nuclear 
Rocket Propulsion” at the May 8 meeting. 
Dr. Gordon is Division Leader, Nuclear 
Propulsion Division, University of Califor- 
nia Radiation Laboratory. 

His talk centered on problems of using a 
nuclear reactor as a heat source for a 
rocket. The advantages of such an ar- 
rangement and the variety of engineering 
problems concerned with the proposal 
were cited. Dr. Gerdon augmented his 
talk with slides and later conducted a ques- 
tion period. 

Some 35 members and guests heard the 
classified lecture. 

GEORGE E. JESSEN 
Corresponding Secretary 


Wayne State University 


New officers elected at the May 29 
meeting were Larry Phillips, Chairman; 
William Glunt, Vice-Chairman; Richard 
Collins, Treasurer; and William Stevens, 
Secretary. 

A film New Acts on the Highwire was 
shown. Made by Bell Aircraft Company, 
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‘Engineers —here’s how we're taking part in 
the electronics revolution toward solid state devices” 


“Here at CONVAIR-POMONA, We are constantly studying 
ways to apply the new miniature solid state electronic 
devices: the diode, rectifier and transistor. So new is this 
semiconductor infant, and so vast its future — both for 
the military and industry — that our teams of electronics 
engineers actually “go to school’ under some of the fore- 
most experts in the field. 

“As the first fully-integrated missile plant in the U.S., 
CONVAIR-POMONA designs and builds the Navy's TERRIER 
supersonic missile. And, realizing the potential value of 
solid state devices in meeting the critical requirements 
of such airborne missiles, we initiated a ‘transistor pro- 
gram’ early in 1953. This program has multiplied many 
times to become one of the most important in the 
industry. 

“You, as an engineer, can appreciate the tremendous 
expansion that will come in the application of solid state 


electronic devices in the next few years. And you can 
readily understand the advantages of studying and work- 
ing with these devices, guided by the advanced thinking 
you will find at CONVAIR-POMONA. 

“You'll like the atmosphere here, where you see and 
feel accomplishment. And you will enjoy living in 
Southern California’s beautiful Pomona valley. For 
greater career opportunity — for your future’s sake — 
send for more information about CONVAIR-POMONA today! 
Write to: Engineering Personnel, Dept.3-N. 


CONVAIR 


POMONA 
POMONA * CALIFORNIA 


CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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it depicts the use of a helicopter to patrol 
high power lines through the mountains of 
the west. 

> William A. Stevens, a Junior and siicin- 
ber of the Branch, spoke on ‘‘Ion-Rockets 
as a Means of Suitable Power for Space 
Craft” at the May 2 meeting. 

Mr. Stevens presented his paper for 
those who would not be able to hear it at 
the regional student conference. He 
compared ion-rockets with liquid rockets 


describing the advantages and disad- 
vantages of both. 

Vice-Chairman Edward Coleman gave 
a brief estimate of cost and a description of 
a tour to North American Aviation's 
Columbus facility. 

A color film New Power for Flight, de- 
picting development and use of the turbo- 
prop engine, was shown at the close of the 
meeting. 

Max D. Russe Secretary 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the Review. 


Elected to Associate Fellow Grade 


Cox, Donald D., Weight Unit Chief, 
Boeing Airplane Co. (Seattle). 

Dukes, Wilfred H., Chief, Struct. 
Analysis, Bell Aircraft Corp. (Buffalo). 

Edwards, Sir George R., B.S. in Engrg., 
Managing Dir., Vickers-Armstrongs (Air- 
craft), Ltd. (Weybridge). 

Franz, Anselm, Dr. Eng., V-P, Ly- 
coming Div., Avco Manufacturing Corp. 
(Stratford) 

Gagge, Adolf P., Ph.D. in Physics, Col., 
USAF; Deputy Comdr., Sciences, AF 
School of Scientific Research (Washing- 
ton). 

Graves, Douglas E., BS. in Civil 
Engrg., Proj. Engr., Boeing Airplane Co. 
(Seattle). 

Harper, Charles W., BS. in M.E., 
Branch Chief, 40 & 80 Ft. Wind Tunnel, 
NACA (Moffett Field). 

Haynes, Emanuel, M.M.E.,, Deputy 
Dir., Aero. Sciences, AF Office of Scientific 
Research. 

Liddell, Robert B., B.S. in Ae.E., Asst. 
Chief, Aerodynamics, Republic Aviation 
Corp. (Farmingdale ). 

Monaghan, Reginald J., M.A. in Math., 
Supt., Experimental Hypersonics and 
High Temperature Gas Dynamics Sect., 
Ministry of Supply, Royal Aircraft Estab- 
lishment (Farnborough ). 

Mulholland, Donald R., B.S. in M.E., 
Western Coordinator, NACA (Los Ange- 
les). 

Nettles, John C., B.S. in E.E., Assoc. 
Branch Chief, 8 X 6 Ft. Supersonic Wind 
Tunnel, NACA (Cleveland). 

Robson, D. A. L., B.Sc., Deputy Dir., 
Aircraft, British Joint Services Mission 
(Washington). 

Schueller, Carl F., B.S. in Ae.E., Head, 
10 X 10 Ft. Supersonic Wind Tunnel, 
NACA (Cleveland). 

Wadkovsky, Alexander, B.S. in Ae.E., 
Proj. Engr., Republic Aviation Corp 
(Farmingdale). 

Yackle, Albert R., B.S. in M.E., Chief, 
Special Projects, Kellett Aircraft Corp. 


Transferred to Associate Fellow 
Grade 


Bates, Dana B., A.B., Indus. Designer, 
Canadair, Ltd. 

Bikle, Paul F., B.S. in Ae.E., Tech. 
AF Flight Test Center (Edwards AFB). 

Budish, Nathan N., B.S. in Ae.E., Assoc. 
Prof., Aero. Engrg., Princeton Univ. 

Carder, Alden B., B.S. in Ae.E., Mgr., 
Testing Div., Douglas Aircraft Co., Inc. 
(Edwards AFB). 

Charters, Alexander C., Ph.D. in Ae.E., 
Aero. Research Scientist, Ames Aeronau- 
tical Lab., NACA Field). 

Chawla, Jagannath P., Dr. of Ac.E., 
Specialist in Dynamics, Flutter & Vibra- 
tion, Hughes Aircraft Co. (Culver City). 

Clevenson, Sherman A., M.S, Aero 
Research Engr., NACA (Langley Field). 

Cornell, William G., Engrg. Consultant, 
Aerodynamics, Jet Engine Dept., General 
Electric Co. (Evendale ) 

Ervin, Burl H., M.S. in M.E., Chief 
Analytical Engr., Aircraft, Rheem Manu- 
facturing Co. 


Korff, Walter H., Supvr., Production 
Design Analysis, Lockheed Aircraft Corp. 
(Burbank). 


Love, Eugene S., B.S. in Ae.E., Head, 
Hypersonic Tunnels” Branch, NACA 
(Langley AFB). 


Lutz, Robert J., B.S. in Ae.E., Asst. to 
V-P, Engrg., Convair Div. (San Diego), 
General Dynamics Corp 

Mason, Maxwell, M.S. in Ae.E., Re- 
search Physicist, Hughes Aircraft Co. 
(Culver City). 

McCarty, Lewis C., Jr., Exec. Asst. to 
V-P, Engrg., Avro Aircraft, Ltd. (To- 
ronto). 


McJones, Robert W., Self-employed, 
Consultant. 


Naiman, Irven, B.S. in Physics, Mem- 
ber of Tech. Staff, Hughes Aircraft Co. 
(Culver City ). 

Oswald, Telford W., Ph.D. in Aero., Sr. 
Member of Tech. Staff, Hughes Aircraft 
Co. (Culver City ) 
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Papen, George W., B.S., Mgr., Produc 
tion Engrg. Dept., Lockheed Aircraft 
Corp. (Burbank). 

Rumph, Lewis B., Jr., M.S. in AcE, 
Head, Aero Dept., The RAND Corp 

Sisson, Thomas U., B.S. in Engrg, 
Capt., USN (Ret.); Military Adviser, 
Fairchild Aircraft Div., Fairchild Engine 
& Airplane Corp. (Hagerstown ) 

Solomon, George E., Ph.D. in Physics, 
Mgr., Aerophysics Dept., Guided Missiles 
Research Div., The Ramo-Wooldridge 
Corp. 

Strible, Ferdinand C., Jr., B.S. in M.E, 
Staff Engr., Aircraft Div., Hughes Tool 
Co. 

Thomas, Charles F., B.S. in Ac.E., Mili- 
tary Relations Mgr., Lockheed Aircraft 
Corp. (Burbank). 

Truitt, Robert W., Ph.D. in Appl 
Mech., Prof. & Head, Aero. Engrg. Dept., 
Virginia Polytechnic Institute 

Walkover, Louis J., B.S. in AcE, 
Supvr., Prelim. Design Sect., Advanced 
Engrg. Dept , Missile Devel. Div., North 
American Aviation, Inc. (Downey ) 


Elected to MEMBER Grade 


Archibald, Russell D., M.S. in ME, 
Capt., USAF; Proj. Officer, WADC. 

Baumann, Billy F., Chief Engr., Royal 
Jet, Ine. 

Bay, Donald B., B.S. in Eugrg., Proj 
Engr., Continental Aviation & Engineer 
ing. 

Beisel, John R., B.S. in M.E,, Sr. Engr., 
The Martin Co. (Baltimore). 

Brady, James F., Jr., B.S. in M.E., 
Devel. Proj. Engr., Convair Div. (San 
Diego), General Dynamics Corp. 

Breiling, Robert W., B.S. in Electronic 
Physics, Product Planner, Aircraft Instru 
mentation, General Electric Co. (West 
Lynn). 

Brizendine, John C., MS. in Ae.E., 
Test Proj. Engr., Douglas Aircraft Co., 
Inc. (Santa Monica). 

Brown, Donald B., B.S. in M.E., Sr 
Flight Test Engr., North American Avia 
tion, Inc. (Los Angeles). 

Brust, Charles K., Jr., B.S., V-P & Chief 
Engr., Armament Components Div., 
Townsend Co 

Buller, Elmer H., B.S. in M.E., Research 
Engr., Lewis Flight Propulsion Lab., 
NACA (Cleveland). 

Carlson, Vincent A., B.S. in Civil Engrg., 
Asst. Proj. Engr., Convair Div. (San 
Diego), General Dynamics Corp 

Cullin, William H., M.S. in AcE, 
Comdr., USN; Comdr., Helicopter Desk, 
Aircraft Engrg. Material Div., Comdr 
of Aircraft Pacific Staff, USN (North 
Island). 

Davenport, John F., B.S. in AcE, 
Design Specialist, Hayes Aircraft Corp 
(Birmingham ) 

Doennebrink, Frederick A., B.S. in 
M.E., Devel. Engr., General Electric Co. 
(Schenectady ). 

Dorman, B. L., B.S. in M.E., Megr., 
Test & Field Service Div.; Dir., Corporate 
Long Range Planning, Aerojet-General 
Corp 
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Variety—you can choose from a wide range of finishes for magnesium 


Smart, modern furniture is just one example of how finishes 
for magnesium are widening design horizons. Whether for 
appearance, protection, or a combination of both, the right 
finish is available. Magnesium can be painted, chemically 
treated, electroplated, and coated with plastic or rubber. 
To meet the rigorous standards set by the aircraft industry, 
there are air dried and baked paint finishes with excellent 
adhesion, maximum imperviousness and good wear resist- 
ance. Various types of chemical pickling provide the right 


YOU CAN DEPEND ON 


paint base. Anodizing provides exceptional corrosion, heat 
and abrasion resistance. In addition, any metal which can be 
applied by electroplating may be deposited on magnesium. 


What about your products? If you’re not making use of mag- 
nesium lightness, strength and durability—and the variety of 
finishes for magnesium—there’s no better time to start than 
right now. Contact your nearest Dow sales office or write 
to us for more information. THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Department MA 1405C. 
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assured reliability 


Quality 


STANDARD and MINIATURE 
RACK & PANEL CONNECTORS 


HERMETIC SEAL 
COMPONENTS 


STANDARD & SUBMINAX 
RF CONNECTORS 


PRINTED CIRCUIT CONNECTORS 


AMPHENOL ELECTRONICS CORPORATION 


chicago 50, illinois 


AMPHENOL CANADA LIMITED 


and CUSTOM ENGINEERED COMPONENTS 


toronto 9, ontario 


Fallot, Ernest J., III, Sr. Research Engr, 
Republic Aviation Corp. (Farmingdale) 

Ferris, John R., M.S. in M.E., Sr. Re. 
search Engr., Research Div., Curtiss. 
Wright Corp. (Quehanna). 

Fisher, Eugene K., B.A., Dept. Head, 
Missile Systems Div., Lockheed Aircraft 
Corp. (Van Nuys). 

Frey, Sherwood C., M.S. in Physics, 
Dir., Military Operations Research Diy, 
Lockheed Aircraft Corp. (Burbank). 

Geary, John C., M.S. in Ae.E., Capt, 
U.S. Army; Chief Flight Test, US 
Army Transportation Aircraft Test & 
Support Activity (Ft. Rucker). 

Grady, Leonard P., B.S. in Physics, 
Research Engr., Allied Research Asso 
Cciates. 

Heath, Donald P., B.S. in Chem 
Engrg., Supvr., Fuels Sect., Socony 
Mobil Oil Co., Inc. (Paulsboro). 

Henshaw, John T., Sr. Lecturer in 
charge of Aero. Engrg., Royal Technical 
College. 

Hines, George A., Jr., B.S. in M.E, 
Sr. Flight Test Engr., Lockheed Aircraft 
Corp. (Marietta). 

Hoercher, Henry E., B.S. in ME, 
Assoc. Scientist, Avco Research & Devel 
Div., Aveo Manufacturing Corp. (Law- 
rence), 

Holleman, Euclid C., M.S. in ME, 
Aero. Research Engr., NACA (Edwards) 

Hunczak, Henry R., BS. in AcE, 
Head, Instr. Aero. Sect., NACA (Cleve- 
land). 

Ingelfinger, Layton, B.S. in M.E., Unit 
Chief, WADC. 

Jackes, Arthur M., B.A.Sc., Chief, 
Propulsion System Analysis, Bell Air- 
craft Corp. (Buffalo). 

Jensen, Jack E., B.S. in Ae.E., Sr 
Struct. Engr., Convair Div. (San Diego), 
General Dynamics Corp. 

Jump, Stephen H., B.S. in M.E., Head, 
Army, Navy, Marine Projects Admin, 
Fairchild Aircraft Div., Fairchild Engine 
& Airplane Corp. (Hagerstown). 

Kawasaki, Toshio, B.S. in Math., Re- 
search Fellow, California Institute of 
Technology. 

Kelly, Joseph A., B.S. in Ae.E., Chief, 
Aerophysics, Motorola, Inc. 

Kusmiss, Irene C., M.S. in M.E., Sr 
Design Engr., Wright Aero. Div., Curtiss- 
Wright Corp. (Woodridge). 

Lehman, William, Hydraulics Lead 
Designer, Chance Vought Aircraft, Inc. 

Lofthouse, Harold M., Flight Test 
Engr., Blackburn & General Aircraft, 
Ltd. (Brough). 

Lordan, Jack M., Chief Aero. Design 
Engr., Motorola, Inc. 

MacGregor, Robert A., B.S. in M.E., 
Engrg. Test Pilot, Minneapolis-Honey- 
well Regulator Co. 

Mazzitelli, Frederick R., B.S. in Ae.E., 
Chief, Aerodynamics R&D, Vertol Air- 
craft Corp. 

McLeod, Norman J., B.A. in Math. & 
Physics, Aero. Research Engr., NACA 
(Edwards). 
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McMillin, William C., B.S. in Ae.E., 
Aerodynamic Design Engr., Chance 
Vought Aircraft, Inc. (Dallas). 

McRuer, Duane T., M.S. in E.E., 
Staff Engr., Control Specialists, Inc. 

Meulendyk, John W., B.S. in M.E., 
Chief Engr., Natl. Water Lift Co., Div. of 
Cleveland Pneumatic Tool Co. 

Michael, Harold E., B.S. in M.E,, 
Supvr., Prelim. Design, Components, 
Northrop Aircraft, Inc. (Hawthorne). 

Orsini, Antonio, B.S. in M.E., Megr., 
Power Supplies Devel., Walter Kidde & 
Co., Inc. 

Paetz, Robert A., B.S. in M.E., Engrg. 
Mer., Jet Div., Thompson Products, Inc. 
(Cleveland). 

Payne, Peter R., Sr. Engr., Avro Air- 
craft, Ltd. (Malton). 

Perlmutter, Adolf A., M.S. in Ae.E., Sr. 
Dynamicist, Kellett Aircraft Corp. 

Pindzola, Michael, B.S. in M.E., Mgr., 
Engr. Staff, Propulsion Wind Tunnel, 
ARO, Inc. 

Powell, William O., Jr., M.A. in Busi- 
ness Admin., Comdr., USN; Comptroller, 
NADC (Johnsville). 

Quackenbush, Austin J., B.S. in Ae.E., 
Test Proj. Engr., Douglas Aircraft Co., 
Inc. (Santa Monica). 

Real, Jack G., B.S. in M.E., Dept. 
Mer., Engrg. Flight Test, Lockheed Air- 
craft Corp. (Burbank). 

Reemsnyder, Dean C., B.S. in M.E., 
Research Engr., Thompson Products, Inc. 

Ryder, Frederick L., Dr. Eng. Sc. in 
E.E., Member, Scientific Research Staff, 
Republic Aviation Corp. (Farmingdale). 

Schoen, William C., BS. in Ae.E., 
Group Leader, Aero. Dept., Grumman 
Aircraft Engineering Corp. 

Schroeder, Albert H., B.S. in ME, 
Engr., Collins Radio Corp. 

Sittig, Marshall, B.S. in Chem. Engrg., 
Pres., American Lithium Institute, Inc. 

Snyder, Howard E., Research Specialist, 
Boeing Airplane Co. (Seattle). 

Spindler, Robert J., M.S. in Physics, 
Proj. Engr., Thieblot Aircraft Co., Div. of 
Vitro Corp. of America. 

Smith, Elvie L., M.S. in M.E., Design 
Engr., Canadian Pratt & Whitney Air- 
craft Co., Ltd. 

Stankiewicz, Louis J., B.S. in M.E., 
Mgr., Seal Engrg., Cleveland Graphite 
Bronze Co. 

Stensrud, Donald G., MS. in Civil 
Engrg., Sr. Group Engr. ‘‘A,”’ Boeing Air- 
plane Co. (Seattle). 

Teyssier, Claude J., Gen., Pres., SUD 
Aviation Corp. 

Thomas, Richard E., M.S. in Math., 
Research Assoc., Aerodynamic Lab., Ohio 
State Univ. 

Tusch, Carl W., M.S. in Ae.E., AF 
Devel. Field Rep., Ames Aero. Lab., 
NACA (Moffett Field). 

Weil, Joseph, B.S. in Ae.E., Head, 
Dynamic Stability & Analysis Branch, 
NACA (Edwards). 

Wells, Maxin D., B.A. in Educ., Supvr., 
Engrg. Flight Test Operations, North 
American Aviation, Inc. (Palmdale). 
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Wilson, Lloyd H., Ph.D., Sect. Head, 
Lockheed Aircraft Corp. (Sunnyvale). 

Wolko, Howard S., M.S. in M.E., Head, 
Contractural Struct. Research Group, 
Bell Aircraft Corp. (Buffalo). 

Wylly, Alexander, Ph.D. in Ae.E., Dir., 
Mil. Research, Planning Research Corp. 

Yonemoto, Noboru, MS. in E.E., Test 
Engr., Northrop Aircraft, Inc. (Haw- 
thorne). 

Youtcheff, John S., B.A. in Physics, 
Operations Analyst, MOSD, General 
Electric Co. (Philadelphia). 

Zimmerman, Arthur H., B.S. in Ae.E., 
Sr. Aerodynamics Engr., Convair Div. 
(Astronautics, San Diego), General Dy- 
namics Corp. 


Transferred to MEMBER Grade 


Cheung, L. T., B.S. in M.E., Sr. Struct. 
Engr., Convair Div. (Astronautics, San 
Diego), General Dynamics Corp. 

Ciccarello, James L., B.S. in Ae.E., 
Power Plant Staff Engr., Republic Avia- 
tion Corp. 

Coburn, Robert S., B.S. in Ae.E, 
Flight Test Proj. Engr., North American 
Aviation, Inc. (Downey). 

Cohen, Jerome L., B.A. in Chem., 
Design Engr., The Edo Corp. 

Cunningham, Bernard E., B.S. in Ae.E., 
Aero. Research Scientist, Ames Aero. 
Lab., NACA (Moffett Field). 

Eckber, Donald P., B.S. in Ae.E., Head, 
Compressor Sect., Lycoming Div., Avco 
Manufacturing Corp. 

Fink, George E., Service Rep., Fair- 
child Aircraft Div., Fairchild Engine & 
Airplane Corp. (Hagerstown). 

Foster, Ned R., B.S. in Ae.E., Sr. 
Proj. Engr., Aeroproducts Operations, 
Allison Div., General Motors Corp. 
(Dayton). 

Freelin, Joseph R., B.S. in Ae.E., Sr. 
Struct. Engr., Convair Div. (San Diego), 
General Dynamics Corp. 

Glass, James C., B.S. in Engrg., Design 
Engr., Western Air Lines, Inc. 

Gold, Richard R., Ph.D. in Ae.E., 
Research Engr., Hughes Aircraft Co. 

Hoel, Robert A., M.S. in Ae.E., Proj. 
Engr., Armament Sect., Minneapolis- 
Honeywell Regulator Co. (Minneapolis). 

Jarrett, Henry W., Jr., B.S. in Ae.E., 
Asst. Proj. Engr., USAF (Wright-Patter- 
son AFB). 

Lehrer, Alfred, B.S. in Ae.E., Struct. 
Engr., Lockheed Aircraft Corp. 

Macey, Ralph E., B.S. in Ae.E., Aero- 
dynamicist, Bell Aircraft Corp. (Buffalo). 

Ross, William M., Jr., Aerodynamics 
Engr.. Temco Aircraft Co. 

Schulthess, Heiner P., Tech. Rep., 
SwissAir Transportation Co. 

Smith, Lawrence F., M.S. in Ae.E., 
Aero. Engr., GS-11, Engrg. Requirements 
Branch, Oklahoma City Air Material 
Area (Tinker AFB). 

Winborn, Byron R., Jr., B.S. in M.E., 
Mgr., Product Planning, General Electric 
Co. (Cincinnati). 

Zabinsky, Joseph M., M.S. in Ae.E,, 
Proj. Aerodynamicist, Bell Aircraft Corp. 
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Elected to Associate Grade 


Abdelsalam, Adel, B.S. in M.E., Struct. 
Engr., Rohr Aircraft Co. 


Beach, Earl C., Jr., B.S. in Ae.E., Test 
Proj. Engr., Data Analysis Dept., South- 
ern California Cooperative Wind Tunnel. 


Bonneh, Benjamin B., Lt. Col., Israeli 
AF; Mgr., Lod Airport (Jerusalem). 

Brown, William P., M.S. in Civil Engrg, 
Stress Analyst, Boeing Airplane Co. 
(Seattle). 

Campbell, Edward J., Sales Engr., 
Meletron Corp. 


Cornwell, John M., Design Engr., 
Convair Div. (Ft. Worth), General Dy- 
namics Corp. 

DeBiasi, Victor, B.S. in Ae.E., Systems 
Editor, Aviation Age Magazine. 

Ellis, William C., Design Engr., Convair 
Div. (San Diego), General Dynamics 
Corp. 

Feast, William E., Flight Operations 
Inspector, U.S. Dept. of Commerce. 


Fenaughty, Ronald R., B.S. in M.E., 
Analytical Engr., Turbomotor Div., Cur- 
tiss-Wright Corp. 

Folwell, Philip A., Design Engr., Con- 
vair Div. (San Diego), General 4 Dy- 
namics Corp. 

Gardner, Charles J. T., Mgr. Informa- 
tion, Public Relations, Promotion, Vickers- 
Arinstrongs (Aircraft), Ltd. 

Kalogeris, John G., Test Engr., Convair 
Div. (San Diego), General Dynamics 
Corp. 

Kent, Robert E., B.S. in Civil Engrg., 
Struct. Engr., Convair Div. (San Diego), 
General Dynamics Corp. 

Lamberson, Dane G., B.S. in Ae.E., 
Aero. Engr., Vertol Aircraft Co. 

Meller, Eliyahu, B.S. in Ae.E., Assoc. 
Aircraft Engr., Lockheed Aircraft Corp. 
(Marietta). 

Merritt, Ward M., Jr., B.S. in M.E., 
Analytical Engr., Curtiss-Wright Corp. 

Musgrave, Joseph S., B.S. in Chem. 
Engrg., Experimental Copilot, Boeing 
Airplane Co. (Wichita). 

Peterson, Lyman L., B.S. in Arch. 
Engrg., Stress Analyst, Boeing Airplane 
Co. (Wichita). 

Preston, Eric J., B.A. in Math, Post- 
graduate Trainee, Vickers-Armstrongs 
(Aircraft ), Ltd. (Weybridge). 

Schlemmer, Norman C., B.S. in Civil 
Engrg., Stress Analyst, Hayes Aircraft 
Corp. 

Siciliano, Thomas A., B.A. in Math, 
Assoc. Engr., Northrop Aircraft, Inc. 
(Hawthorne). 

Strasser, Gabor, B.S. in Civil Engrg, 
Struct. Research Engr., Bell Aircraft Corp 
(Buffalo). 

Trexel, John E., B.S. in M.E., Flight 
Test Engr., Convair Div., (San Diego), 
General Dynamics Corp. 

Walker, David J., Liaison Engr., Aer- 
onca Manufacturing Corp. 

Young, Joseph B., Stress Engr., Avro 
Aircraft, Ltd. (Malton). 
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Transferred to Associate Grade 


Anderson, William J., B.S. in Ae.E., 
Student, lowa State College. 

Bielefeld, Gilbert E., Jr. Engr., Design, 
Horkey Associates. 

Baum, Howard R., B.S. in Ae.E., Re- 
search Asst., Aerodynamic Lab., Poly- 
technic Institute of Brooklyn. 

Carlin, Raymond F., Jr., B.S. in Ae E., 
Jr. Engr., Vertol Aircraft Corp. 

Davis, Andrew V., B.S. in M.E., Gradu- 
ate Asst., Stevens Institute of Technology. 

Dennon, Jack D., B.S. in M.E., Engr, 
Rocketdyne Div., North American Avia- 
tion, Inc. (Canoga Park) 

Dubrow, Alvin L., Engr., Tavco, Inc. 

Evans, Frederick K., B.S. in AcE, 
Assoc. Engr., Douglas Aircraft Co., Inc 
(Santa Monica). 

Ferriter, Patrick J.. BS. in AeE, 
Officer Candidate, USNR (Newport). 

Fridsma, Gerard, B.S. in M.E., Proj- 
Engr., Experimental Towing Tank, 
Stevens Institute of Technology. 

Geide, Richard F., B.S. in Ae.E., De- 
sign & Devel. Engr., Cessna Aircraft Co. 
(Wichita). 

Haney, William S., Jr., B.S. in Ae.E., 
Assoc. Engr., Missiles Div., Douglas 
Aircraft Co., Inc. (Santa Monica). 

Hawwa, Loutf M., B.S. in Ae.E., Asst. 
Proj. Engr., Mississippi State College. 

Himebough, Willard D., B.S. in Ae.E., 
Assoc. Engr., Douglas Aircraft Co., Inc. 
(El Segundo). 

Holt, Ira T., Staff Aide, Sandia Corp. 

Hughson, Robert K., B.S. in Ae.E., 
Lt., USAF; Pilot in Training. 

Kelley, Albert J., Sc.D. in Ae.E., 
Systems Engr., Guided Missiles, Navy 
Dept., Bureau of Aeronautics. 

Kennet, Hiam, M.S. in Ae.E., Research 
Engr., Massachusetts Institute of Tech- 
nology. 

Kerr, Kenneth P., B.S. in Ae.E., Engr. 
(Aerodynamics), Lockheed Aircraft Corp. 
(Sunnyvale). 

Ketchum, William J., Assoc. Engr., 
Convair Div. (Astronautics, San Diego), 
General Dynamics Corp. 

f Kinsel, Thomas L., B.S. in Ac.E., 
Assoc. Engr., Marquardt Aircraft Co 
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Krol, J. Gregory, B.S. in Ae.E., Student, 
Parks College of Aeronautics 


Kruizenga, Garrett W., B.S. in Ae.E., 
Student, Tri-State College. 

Kuhn, Alfred, B.S. in Ae.E., Power 
Plant Engr., Curtiss-Wright Corp. (Wood- 
ridge). 

Lampert, Sidney, Dynamics Engr., 
Radioplane Co., Div. of Northrop Air- 
craft, Inc 

Leach, Rodman N., Test Engr., Sandia 
Corp. 

McCrary, Emmet K., BS. in Ae.E., 
Design Engr., Rocketdyne Div., North 
American Aviation, Inc. (Canoga Park). 

Mulquin, James J., B.S, Student, 
Catholic Univ. of America 

Neuman, Dennis F., BS. in M.E,, 
Aerodynamics Engr., North American 
Aviation, Inc. (Columbus) 


Olivas, Robert J., B.S. in Ae.E., Assoc. 
Engr. (Aerodynamics), Douglas Aircraft 
Co., Inc. (Long Beach) 

Polski, Alfred L., B.S. in Ae.E., Aero- 
dynamics Engr., North American Avia- 
tion, Inc. (Inglewood). 

Roth, Henry A., Jr., Test Engr., Nor- 
throp Aircraft, Inc. (Hawthorne). 

Sevigny, Eugene G., B.S. in Ae.E., 
Asst. Research Engr., Aero. Lab., Poly- 
technic Institute of Brooklyn. 

Spring, Donald J., B.S. in Ae.E., Aero- 
dynamics Engr., Convair Div. (Ft. Worth), 
General Dynamics Corp 

Theon, John S., B.S. in Ae.E., Aero- 
dynamicist, Douglas Aircraft Co., Ine. 
(Santa Monica). 

Wecker, Myron S., B.S. in Ae.E., 
Student, Cornell Univ. 


Weir, Robert H., B.S. in Ae.E., Air- 
craft Maint. Officer, USAF (Pinecastle 
AFB). 

Werner, Mark P., B.S. in Ae.E., Assoc. 
Engr., Convair Div. (San Diego), General 
Dynamics Corp. 

White, W. Allen, Jr., Student, Univ. of 
Tulsa. 

Witt, William W., B.S. in Ae.E., Engr., 
United Air Lines, Inc. (San Francisco). 


Wosser, Joseph L., Jr., M.S. in Ae.E., 
Major, USMC; Pilot & Aero. Engr., 
USMC (Washington) 
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Helicopter Forum 
(Continued from page 27) 


search, Cornell University; ‘Stability 
and Control of Propeller-Driven Trans- 
port VTOL Airplanes’ by Robert H. 
Kirby, Langley Aeronautical Labora- 
tory, NACA. 

Theory and Test: ‘Determination of 
Flapwise Load Distribution on a Rotor 
Blade From Measured Strain and 
Rotor Data’’ by Herbert Somerson, 
Piasecki Aircraft Corporation; “On a 
Type of Low-Advance-Ratio Blade 
Flapping Instability of Three-or-More 
Bladed Rotors Without Drag Hinges’ 
by K. H. Hohenemser, McDonnell: 
“Theoretical and Experimental Study 
of the Coupled Flap Bending and Tor 
sion Aeroelastic Vibrations of a Heli 
copter Rotor Blade’ by Peter F. Leone, 
Vertol; ‘‘A Parametric Analysis Method 
for Rotor Blade Structural Design’’ by 
Alex Berman, Kaman Aircraft Corpora 
tion; ‘‘Physical Interpretation of Heli 
copter Chordwise Vibrations’ by 
William B. Gevarter, Hiller. 

Operations and Navigation: ‘Heli- 
copter Transport Operations in the 
North” by Lt. Col. Oscar N. Tibbetts, 
C.O., 22nd. Helicopter Squadron, 
6614th Air Transport Group Medium, 
USAF; “Application of the Decca 
Navigation System as an Approach and 
Landing Aid’’ by H. W. Mitchell, Bell; 
“The French Army Helicopter Opera 
tion in Algeria’ by T. R. Pierpoint and 
L. J. Geier, Vertol. 


ERRATUM 


In the July, 1957, issue of 
the Review, the photographs, 
excluding the captions, at the 
top of pages 27 and 29 
should be transposed.—Ed. 


DON'T SEND CHECKS, MONEY ORDERS, OR CASH! 


|AS SCRIP COUPONS may now be used a3 payment for preprints, dues, subscriptions, and all other 
IAS services. This method will save you from writing checks, sending money orders or cash. 
See IAS News Notes (green sheet) on page 17 for more information. 
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4#1 aid to fast, critical radiographic inspection 


...new Kodak Industrial X-ray Film, Type AA 


ODAY’S radiographic inspec- 
tions call for increased sensi- 
tivity, greater speed. And these are 
the characteristics of Kodak’s new- 
est industrial x-ray film, Kodak 
Industrial X-ray Film, Type AA. 


This film retains all the excellent 
qualities that made Kodak Type A 


the most widely used x-ray film in 
industry. Then, in addition, it pro- 
vides greatly increased speed. 


This permits exposure time to be 
cut as much as 50%. It allows adjust- 
ment of the radiographic factors to 
obtain greater contrast and easier 
readability. 


Kodak X-ray Film, ‘Type AA can 
multiply your minutes—can extend 
the usefulness of your present radio- 
graphic equipment. 

Find out all the ways it can 
improve your production. Get in 
touch with your x-ray dealer or 
Kodak Technical Representative. 


EASTMAN KODAK COMPANY 


X-ray Division 


Rochester 4, N. Y. 


Read what the new Kodak Industrial X-ray Film, Type AA, does for you: 


@ Reduces exposure time—speeds up routine 


examinations. 


@ Provides increased radiographic sensitivity 
through higher densities with established 


exposure and processing technics. 


@ Gives greater subject contrast, more detail and 


exposure technics. 


@ Reduces the possibility of pressure desensitization 
under the usual shop conditions of use. 


Kodak Industrial X-ray Film, Type AA and Type M is now available in 100-sheet 
boxes wrapped without interleaving paper. Designated as AA-100; M-100. 


easier readability when established exposure 
times are used with reduced kilovoltage. 


@ Shortens processing cycle with existing 


nd 
3 
= 
‘ 
<odak 


“AURORA,” a recent expression from 
the brushes of Simpson- 
Middleman, a team of artists who 
find their subjects in the world 

of the natural sciences. “Aurora,” 
they explain, “tis a visual 
statement with equivocal 
overtones of dawn, the Aurora 


itself and a hint of a Chimera.” 


Painting courtesy 


of John Heller Gallery, Inc. 
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You'll discover new horizons at Boeing 


Through the years, the advanced work of Boeing engineers and scientists has opened 

new eras in civil and military aviation, A few of their pioneering accomplishments: the first 
3-mile-a-minute transport, the world’s first four-engine pressurized airliner, the first 
high-performance four-engine bomber—and the 707, America’s first jet airliner. Boeing in 
addition has developed a defense weapon system spearheaded by the supersonic 

Bomare IM-99 interceptor missile. 

If new horizons interest you, you'll enjoy working at Boeing. For here you'll 

find engineering excitement in such advanced fields as 
electronic and inertial guidance, chemical fuel propulsion, 
guided missiles and supersonic flight of the future. 


Drop a note now to John C. Sanders, Engineering Personnel Administrator, Boeing Airplane Company, Department 4-66, Seattle 24, Washington 
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Aeronautical 


Reviews 


THis SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. ‘This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


A list of the periodicals and reports 
series received in the IAS Library is pub- 
lished semiannually, in the January and 
July issues. 


The ApronauTicaAL ENGINEERING IN- 
DEX, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LenpinGc Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
xcepted are certain reference books 
and those [AS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronaulical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


Al Guide to the Current Literature of 


INTERNATIONAL AERONAUTICAL ABSTRACTS. 115 


Subject Index to Periodicals & Reports 


Acoustics, Sound, & Noise 
Aerodynamics. . 

Boundary Layer. 

Fluid Mechanics & / Aerodynamic 

Theory..... 

Internal Flow... 

Stability & Control. 

Wings & Airfoils..... 
Aeroelasticity. 
Aeronautics, General 
Air Transportation. . 
Airplane Design 
Airports. ... 

Aviation Medicine 
Computers. . 

Education & Training. . 
Electronics. .. 

Amplifiers. . . 

Circuits & Components 

Communications. . . 

Electronic Tubes. 

Noise & Interference. 

Oscillators & Signal Generators 

Radar. . 

Resistors. . . 

Semiconductors. 

Wave Propagation. . 
Equipment 

Electric. 

Hydraulic & Pneumatic 
Flight Operating Problems 
Flight Testing. 

Fuels & Lubricants 
Ice Formation & Prevention. 
Instruments. . 

Automatic Control 

Flight Instruments 

Stress & Strain Measuring Devices 

Temperature Measuring Devices 
Laws & Regulations 
Lighter-Than-Air. . 
Machine Elements 
Maintenance. 
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Materials... .. 


Corrosion & Protective Coatings. . 


Metals & Alloys. 

Metals & Alloys, Ferrous. . 

Metals & Alloys, Nonferrous 

Nonmetallic Materials. . 

Testing... . 
Mathematics. ... 
Mechanics... 
Meteorology... 

Military Aviation & Armament. 
Missiles....... 
Navigation...... 

Electronic Aids. 

Traffic Control. . 
Nuclear Energy 
Photography. . 
Physics....... 

Power Plants. . 

Atomic. . 

Jet & Turbine. 

Rocket... . 
Production.... 

Metalworking. . 

Production Engineering. 
Propellers... 

Reference Works..... 
Rotating Wing Aircraft. . 
Safety..... 

Space Travel 
Structures..... 

Bars & Rods. . 

Cylinders & Shells. 

Elasticity & Plasticity. 

Plates. 

Sandwich Structures 

Testing...... 

Thermal Stress 
Thermodynamics. . . 

Combustion. . . 

Heat Transfer. 

Wind Tunnels & Research Facilities 
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Acoustics, Sound, & Noise 


Propagation of Sound in Inhomogeneous 
Media (Survey). L. M. Brekhovskikh. 
(2nd Internatl. Acoustics Cong., Cambridge, 
Mass., June 21, 1956.) Soviet Physics - 
Acoustics, No. 3, 1957, pp. 247-255. = 13 
refs. Translation. Discussion of sound 
propagation for two different mediums 
one with regular inhomogeneities of a lam- 
inar character and the other with in- 
homogeneities of a random character 


Aerodynamics 


Charts Offer ‘‘First Pass’? Design 
Check. Sherman V. Brunk. Av. Week, 
May 20, 1957, pp. 78, 79, 83, 85, 86-95 ff. 
Presentation of eight design charts to aid 
in preliminary design work by providing a 
method for reducing the time and effort 
required to analyze large numbers of new 
designs. 


Aerothermodynamics 


The Compressible Laminar Boundary 
Layer with Heat Transfer and Arbitrary- 
Pressure Gradient. Clarence B. Cohen 
and Eli Reshotko. U.S., Rep. 
1294, 1956. 16 pp. 31 rets. Supt. of Doc., 
Wash., $0.20. Derivation of an approxi- 
mate calculation method and application 
of the method to derive techniques for 
calculating the two-dimensional and axi- 
ally symmetric laminar boundary layer 
with arbitrary free-stream velocity distri- 
bution, Mach Number, and surface-tem- 
perature level. 

Similar Solutions for the Compressible 
Laminar Boundary Layer with Heat Trans- 
fer and Pressure Gradient. Clarence B. 
Cohen and Eli Reshotko. U.S., NACA 
Rep. 1293, 1956. 38 pp. 27 refs. Supt. 
of Doc., Wash., $0.40. Application of 
Stewartson’s transformations to compres- 
sible boundary-layer equations, resulting 
in a set of ordinary nonlinear differential 
equations which, in turn, are transformed 
to an integral system with the velocity 
ratio as the independent variable 


Boundary Layer 


The Unsteady Laminar Boundary Layer 
on a Flat Plate. Sin-I Cheng and David 
Elliott. Trans. ASME, May, 1957, pp. 
725-733. Abridged. OSR-sponsored in- 
vestigation to determine whether Cheng’s 
method of constructing the unsteady lam- 
inar boundary-layer solution can be ap- 
plied to the problem of a semi-infinite flat 
plate started from rest in an incompressible 
fluid with an arbitrary velocity and with- 
out flow reversal. 

The Transition from a Turbulent to a 
Laminar Boundary Layer. Appendix— 
Applications to Wind Tunnel Contractions. 
Joseph Sternberg. U.S. Army Bal. Res. 
Lab., Aberdeen, Rep. 906, May, 1954. 
110 pp. 26 refs. Investigation of the 
boundary layer on a 58° included-angle 
cone-cylinder model over a range of super- 
sonic speeds. Measurements indicate 
that, when the boundary layer ahead of 
the shoulder is turbulent, the boundary 
layer is laminar after the shoulder for a 
short distance. 

Lift Hysteresis at Stall as an Unsteady 
Boundary-Layer Phenomenon. Franklin 
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K. Moore. U.S., NACA Rep. 1291, 1956. 
10 pp. Supt. of Doc., Wash., $0.20. Ap- 
proximate analysis for a 6:1 elliptic airfoil 
at the angle of attack for maximum lift. 
The assumption of small perturbations 
from maximum lift is made, permitting 
neglect of distributed vorticity in the wake. 

Remarks Concerning Transition Reyn- 
olds Numbers on Cones and Flat Plates. 
Neal Tetervin. J. Aero. Sci., July, 1957, 
pp. 545, 546. Analysis using the linear 
theory of bounary-layer stability to derive 
an approximate relation between the 
Reynolds Number on a cone and that ona 
flat plate for equal closeness to transition. 
The purpose of the derivation is to ex- 
amine the conjecture that, because the min- 
imum critical Reynolds Number is three 
times as large on a cone as on a plate, the 
transition Reynolds Numbers may also be 
in the ratio of three 


The Pressure Rise at Shock-Induced 
Turbulent Boundary-Layer Separation in 
Three-Dimensional Supersonic Flow. 
Raymond J. Stalker. J. Aero. Sci., July, 
1957, p. 547. Experimental results indi- 
cating that the peak-pressure ratio for 
supersonic free separation depends only on 
the Mach Number component normal to 
the line of separation 

Asimptoticheskoe Povedenie Reshenii 
Odnoi Nelineinoi Kraevoi Zadachi Teorii 
Pogranichnogo Sloia. G. \. Gil’ and A. 
D. Myshkis. Dokl. Akad. Nauk SSSR, 
Feb. 1, 1957, pp. 599-606. In Russian. 
Analysis of the asymptotic behavior of 
solutions of a nonlinear boundary problem 
in the boundary-layer theory, when [> @. 


Fluid Mechanics & Aerodynamic Theory 


Free Streamline Theory. David Gil- 
barg. Appl. Mech. Rev., May, 1957, pp 
181-18+. 53 refs. Review covering the 
physical basis of the theory, explicit solu- 
tions and numerical methods, and the 
general theory 

Diffusion from an Infinite Line Source 
Lying Perpendicular to the Mean Wind 
Velocity of a Turbulent Flow. T. S. 
Walters. Quart. J. Mech. & Appl. Math., 
May, 1957, pp. 214-219. Derivation of a 
solution for the general case of an elevated 
source. 


Nekotorye Neustanovivshiesia Ploskie 
i Prostranstvennye Techeniia Gaza. K. 
P. Staniukovich. Dokl. Akad. Nauk 
SSSR, Feb. 1, 1957, pp. 595-598. In 
Russian. Study of some unsteady isen- 
tropic two- and three-dimensional gas 
flows. 

Sears Function in Unsteady Flows. 
Hsuan Yeh. J. Aero. Sci., July, 1957, pp. 
546, 547. Table giving corrected and ex- 
tended values for the Sears function. 

The Transfer of Momentum Across 
Surfaces Drawn Perpendicular to the Di- 
rection of Flow in Gases Under Laminar 
Conditions. Ibrahim Ibrahim Sherif. 
ZAMP, Mar. 25, 1957, pp. 165-167. 
Analysis to calculate the tangential stress 
forces acting across surfaces that are drawn 
perpendicular to the direction of flow, and 
to prove that these forces must be equal to 
the stress forces across surfaces parallel to 
the direction of flow. 

Lehren einer fiinfzigjéhrigen Stré- 
mungsforschung. Albert Bentz. ZFW, 
Apr., 1957, pp. 97-105. 15 refs. In Ger- 
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man. Historical review of the develop- 
ments in aerodynamic theory. 

On the Adiabatic Couette Flow of a 
Compressible Fluid. William F. Hughes 
and J. Fletcher Osterle. ZAMP, Mar., 
25, 1957, pp. 89-96. Analysis of adiabatic 
flow of air through the passage between 
two parallel plates close together and in 
relative tangential motion in order to de- 
termine the pressure and temperature (is- 
tributions and the mass rate of flow 

Slow Shearing Motion Over a Hollow. 
G. Power and D. L. Scott-Hutton. J 
Franklin Inst., May, 1957, pp. 431-439 
Analysis of the slow, steady, two-dimen- 
sional motion of a viscous liquid over a 
hollow in an infinite plane. The flow is of 
uniform shear except for the disturbance 
caused by the hollow. A first approxi 
mation to the solution is found by neglect- 
ing the inertia terms in the equations of 
motion, 

Jet Issuing in all Directions form a Thin 
Slit Round a Circular Cylinder of Small 
Radius Containing Liquid Under Pressure. 
Lakshmi Sanyal. ZAMP, Mar. 25, 1957, 
pp. 156-159. 

Expansion Formulae for the Forces 
Acting on Two Equal Circular Cylinders 
Placed in a Uniform Stream at Low Values 
of Reynolds Number. Hiroomi Fujikawa 
J. Phys. Soc. Japan, Apr., 1957, pp. 423 
430. Calculation of expansion formulas 
in powers of Reynolds Numbers for the 
case when two cylinders are in close prox 
imity to each other. 

Experimental Studies of the Lift on Two 
Equal Circular Cylinders Placed Side by 
Side in a Uniform Stream at Low Reynolds 
Numbers. Sadatoshi Taneda. J. Phys 
Soc. Japan, Apr., 1957, pp. 419-422. Re 
sults indicate that each cylinder experi 
ences a repulsive force and that the value 
of the lift coefficient decreases as the Reyn 
olds Number increases. 

Grundsatzliche Betrachtungen zur Un- 
ter- und Uberschallstrémung um Kéor- 
per nicht mehr kleiner Streckung. Fried- 
rich Keune. ZFW, Apr., 1957, pp. 121 
125. In German. Investigation of the 
sub- and supersonic flow around bodies of 
higher aspect ratio, based on the series 
development of the velocity potential 

Beitrige zum Quellsenkenverfahren fiir 
die Berechnung von _ Uberschallstré- 
mungen. Johann Miinch. ZAMM, Jan.- 
Feb., 1957, pp. 51-63. In German. De- 
tailed analysis and generalization of source- 
sink methods for the case of flow around 
bodies of revolution whose profile curve 
has a discontinuous derivative. 


Internal Flow 


Aerodynamic Design Ups High Speed 
Pump Performance. John E. Boretz 
Av. Age, May, 1957, pp. 86, 87, 88-91 ff. 
Discussion of methods which take ad- 
vantage of pump limited life expectancy 
to improve performance up to 10 per cent. 

Cascade Investigation of a Related 
Series of 6-Percent-Thick Guide-Vane 
Profiles and Design Charts. James C. 
Dunavant. U.S., NACA TN 3959, May, 
1957. 48 pp. 12 refs. Description of a 
new blade series designed to operate at 
near choking inlet Mach Numbers and to 
achieve near maximum critical Mach 
Numbers by using high aerodynamic load- 
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Pioneering Scientific Frontiers at General Mills 


This man 
is steering 
tomorrow's 
guided missile 


His uniform is a laboratory coat, his cockpit a dust-free 
room with carefully controlled temperature and humidity. 
He’s a skilled General Mills gyro technician—as much a 
part of the defense of his country as the jet pilot. Results 
from his work, and from work in other R & D labs, 
assure us that tomorrow’s guided missiles will be even 
more accurate than today’s. “ At the Mechanical 
Division of General Mills, the gyro lab is part of a 


WE’D LIKE TO TELL YOU MORE 


Send for facts about our unusual skills and 
how other companies use them in defense: 
weapons production. Write to Mechanical 
Div., General Mills, Dept. AR8, 1620 Cen- 
tral Ave. N. E., Minneapolis 13, Minn. 


MECHANICAL DIVISION | Mills 


Creative Research and Development + Precision Engineering and Production 


talented, well equipped guidance and navigation systems 
development group. The group also includes top men and 
facilities in infrared, microwaves, electronic and mechan- 
ical design, and overall systems engineering. We team 
these men and facilities with a complete precision pro- 
duction plant to handle systems, sub-systems and major 
assembly problems for the world’s most. exacting custom- 
ers. Possibly you too ean benefit from our capabilities. 


General 
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ing of the profiles in the leading-edge region 
and relatively straight trailing edges. 
Inlets for Supersonic Aircraft. William 
Stubbs. SAE J., May, 1957, pp. 34, 35 
Abridged. Discussion of the aerodynamic 
principles and the operational mode of 
variable-geometry intakes. 


Stability & Control 


Stability and Control Problems Associ- 
ated with Supersonic Aircraft. O. E 
Michaelsen. (Canada, NAE Quart. Bul., 
No. 2, 1956.) Can. Aero. J., May, 1957, 
pp. 146-151. Abridged. 

A Theoretical and Experimental Study 
of Airplane Dynamics in Large-Disturb- 
ance Maneuvers. Donald W. Rhoads 
and John M. Schuler. (JAS 25th Annual 
Meeting, New York, Jan. 28-31, 1957, 
Preprint 717.) J. Aero. Sci., July, 1957, 
pp. 507-526, 532. 15 refs. 


Wings & Airfoils 


The Interaction Between Shock Waves 
and Boundary Layers at the Trailing Edge 
of a Double-Wedge Aerofoil at Supersonic 
Speed. B. D. Henshall and R. F. Cash. 
Gt. Brit., ARC R&M 3004, 1957. 10 pp. 
BIS, New York, $0.63. Experimental re- 
sults indicating that the interaction is both 
qualitatively and quantitatively similar to 
that in which the shock is generated by a 
wedge attached to a flat plate. Data 
further support Gadd, Holder, and Regan’s 
physical explanations of these flow pat- 
terns and are applicable generally to air- 
foils with flat surfaces toward the rear. 

On the Measurement of Supersonic 
Aerofoil Drag by Pressure Traverse. R. 
FE. Meyer. (Australia, ARL A. 97, May, 
1956.) Aero. Quart., May, 1957, pp. 123- 
144. 14refs) Determination of the drag 
in two-dimensional flow in terms of the 
distributions of static and = stagnation 
pressure along a traverse line downstream 
of the airfoil. 


Aeroelasticity 


A Solution of the Flutter Determinant 
on a General Purpose Electronic Digital 
Computer. D. B. Gillies and P. M. Hunt. 
Aero. Quart., May, 1957, pp. 185-203. 

The Influence of Mass and Internal 
Friction on Free Torsional Vibrations of a 
Bar. Stefan Ziemba. Arch. Mech. Stoso- 
wanej (Warsaw), No. 9, 1957, pp. 51-72 

Theoretical and Experimental Investi- 
gation of Random Gust Loads. I-—-Aero- 
dynamic Transfer Function of a Simple 
Wing Configuration in Incompressible 
Flow. Appendix A—Operation of X-Wire 
Hot-Wire Probe for Cross-Velocity Meas- 
urement. Appendix B—Statistical Reli- 
ability of Power-Spectrum Measurements. 
Raimo J. Hakkinen and A. S. Richardson, 
Jr. U.S., NACA TN 3878, May, 1957. 64 
pp. 27 refs. 

Atmospheric Turbulence Encountered 
by Hermes Aircraft. Appendix I-—-Cor- 
rections to Acceleration Data and Calcula- 
tion of Gust Speed. J. R. Heath-Smith. 
Gt. Brit., RAE TN Struc. 214, Jan., 1957. 
20 pp. Presentation of acceleration rec- 
ords for aircraft in 417,000 miles of op- 
erational flying on routes from London to 
East and West Africa. 


Aeronautics, General 


The Application of Operations Research 
Techniques to Development Planning in 
the Aircraft Industry. A Case Study. 
L. E. Root and G. A. Busch. Shell Av. 
News, Apr., 1957, pp. 14-19. Considera- 
tion of Lockheed’s way of dealing with the 
problem of projecting the characteristics 
of the aircraft likely to be procured for the 
world’s commercial intercity transporta- 
tion markets in the period 1958-1973. 

How to Improve Systems Engineering. 
John W. Warfield. Aero. Eng. Rev., July, 
1957, pp. 50, 51. Discussion of possible 
solutions for certain multidiscipline, com 
munication, and coordination problems 

Uber die Randlochkarte als Hilfsmittel 
in der Dokumentation; die grundsiatz- 
lichen Méglichkeiten ihrer Ausnutzung 
und eine Anwendung fiir die Liiftfahrt- 
forschung. O.Gdaniec. DVL Bericht No 
24, Apr., 1957. 36 pp. Westdeutscher 
Verlag, K6éln & Opladen. In German. 
Discussion of the marginal punch card 
as an aid to documentation and of its 
basic application possibilities in aeronauti- 
cal research. 


Air Transportation 


Special Issue: World Civil Aviation. 
Flight, May 3, 1957, pp. 577-616. Partial 
Contents: Where Do We Go from Here, 
J. M. Ramsden. Three-Dimensional Di- 
lemma, A. T. Pugh and C. M. Lambert. 
What Price Air Fares. The British Air 
Corporation. British Private-Enterprise 
Operators. World Airline Directory. 

Air Freight and the Future. Air BP, 
Mar., 1957, pp. 2-6. 

Air Freighting; the Cargo Business and 
Its Equipment. I. Alan H. Stratford. 
Flight, May 17, 1957, pp. 655-657. — Dis- 
cussion of the postwar growth and the 
economics of cargo operations. 

Aerodynamic and Economic Character- 
istics of Turboprop Air-Line Transport 
Systems. Ralph Allen. Aero. Eng. Rev., 
July, 1957, pp. 55-58. Applications of a 
system analysis approach to turboprop 
transport systems, taking into account 
airplane performance, economics of the 
system, and employment of the airplane. 
Velocity, range, time delay, and useful 
load ratio are discussed with respect to 
their effects on profit margin 


Airplane Design 


Special Issue: World’s Commercial 
Aircraft. The Aeroplane, Apr. 26, 1957, 
pp. 565-612. Discussion of aircraft re- 
quirements for the future, the problems 
facing the air lines in their equipment de- 
cisions, the events which led to the adop 
tion of the turbojet for long-haul opera 
tions, and the effect of this decision on 
medium-haul equipment philosophy. De- 
sign and performance characteristics are 
given for the following aircraft: Bristol 
Britannia, de Havilland Heron, Handley- 
Page Herald, Hunting Percival President, 
Scottish Aviation Twin Pioneer, Vickers 
950 Vanguard and Viscount, Fairey Roto- 
dyne, Boeing 707 Stratoliner, Convair 440 
and 880, Cessna 620, Eland-Convair, 
Douglas DC-8 and DC-7C, Fairchild M- 
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185, Frye F-1B Safari, Lockheed L-1699A 
Starliner, Lockheed Electra, Fokker 
Friendship, Sud-Aviation Caravelle, 
Hurel-Dubvois H.D. 321, SNCA du Nord 
Noratlas, Bréguet Deux Ponts, de Havil 
land DHC 4 Caribou, and Soviet trans 
port aircraft 

Supersonic Aircraft; Force Centraliza- 
tion of Design and Procurement Authority. 
Frank W. Davis. SAE J., May, 1957, 
pp. 19-21. Abridged. Discussion of the 
design of the B-58 in terms of the weapon 
systems concept. The roles of the prime 
contractors, the subsystem contractors, 
and the USAF monitoring agencies are 
examined. 

The Starliner. II. Lockheed Field Serv 
Dig., May-June, 1957, pp. 1-10. De 
scription of the power plant, fuselage, and 
grown handling provisions for a new trans 
port aircraft. 

Das amerikanische Uberschall-Bom- 
benflugzeug Convair B 58 ‘‘Hustler.’’ 
Alfred Aepli. Flugwehr und -Technik, 
Apr., 1957, pp. 106, 107.) In German 
Description of the supersonic bomber Con- 
vair B58 ‘“‘Hustler.”’ 

Retour Sur les Principaux Avions Pré- 
sentés a Farnborough en 1956. G. Bruner 
Docaéro, Mar., 1957, pp. 9-26. In French, 
Discussion of design and performance 
characteristics of aircraft types presented 
at the 1956 Farnborough show. 

Die Flugzeugmuster der Junkers Flug- 
zeug-und Motorenwerke A.G. und ihre 
Leistungen im zweiten Weltkrieg. Fluy 
welt, May, 1957, pp. 355-360. In de 
sign and performance characteristics of 
the Junkers Ju 388, Ju 488, and Ju 52. 

How Good is Russia’s Long Range Tur- 
boprop Bear Bomber? Av. Age, May, 
1957, pp. 42, 48, 44-49 ff. Design and 
performance analysis of the Tupolev Tu 
20 bomber. 

Caravelle Structure Designed for Good 
Fatigue Strength. Paul Vallat. (2nd 
European Aero. Congr., Scheveningen, 
Sept., 1956.) Av. Age, May, 1957, pp 
66, 67, 68-73 ff. Discussion of wing and 
fuselage design characteristics which re 
sist fatigue failure. 

Escape From High-Performance Air- 
craft. Thomas G. Kilgariff. Aero. Eny 
Rev., July, 1957, pp. 59-64. 19 refs 
The relative trends of airplane perform 
ance and escape are compared. Major 
deficiencies of the escape system, personnicl 
flight equipment combination are sum 
marized. 

T2J Designed as Primary-Through- 
Advanced Trainer. Erwin J. Bulban 
Av. Week, May 13, 1957, pp. 52, 53, 55, 
56, 59 ff. Description of North America 
Aviation’s new training aircraft in terms of 
its design concept and its use of stock 
items 

Sagittario Bids for Light Fighter Role. 
Av. Week, May 13, 1957, pp. 60, 61, 638, 65 
ff. Deseription of the Italian aircraft in 
terms of its engine, wing structure, landing 
gear, nose half shells, armament, and per 
formance 


Designing Fatigue-Resistant Structures 
For Pressurised Transports. Paul Vallat 
Aircraft (Australia), Apr., 1957, pp. 28 
32, 56. 

Crusader; An Analysis of Chance 
Vought’s Supersonic Naval Fighter. 
Flight, May 24, 1957, pp. 691-696, cuta 
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To engineers who want to straighten 


e out the curves in their careers... 


4 DOUGLAS TEAMWORK 
HELPS TO RELIEVE 
d ENGINEERS OF 


PROJECT DETAILS! 


There are no “dead end” jobs at Douglas. As part of a crack engineering 
| team, you’ll be encouraged to use your full talents. Important 
assignments will give you the opportunity for greater accomplishments 


and the kind of future you want for you and your family. 
‘ Wherever you choose to locate — in California or across the nation — 
- Douglas offers many career opportunities including... : / 
Wits 


if TOP ASSIGNMENTS FOR THERMODYNAMICISTS! i> 
° 
k Mechanical Engineers work on all phases of O 20. Li IGLAS i 
analysis, design and installation of equipment involved ee, i 
in heating, cooling and air distribution at high speeds. -= (~~ 


a For important career opportunities in your field, write: FIRST IN AVIATION 


r c. Cc. LaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX 620-Z 
SANTA MONICA, CALIFORNIA 
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way drawing. Design and structural 
characteristics of the Navy fighter aircraft. 

Mixed-Power Intercepter; An Intro- 
duction to the Saunders-Roe Rocket/Tur- 
bojet Prototype. Flight, May 24, 1957, 
pp. 697-700. 

Boeing 707 Flight Control System 
Tailored for Safety. Irwin Stambler. 
Av. Age, May, 1957, pp. 34, 35, 36-41 ff. 
Description of the Eclipse-Pioneer PB- 
20D autopilot and its operation. The 
unit employs a comparator to monitor 
control, and longitudinal oscillation con- 
trol 

The Jet That Lives on the Water. CEC 
Recordings, May-June, 1957, pp. 6-8. 
Description of the instrumentation and 
MilliSADIC engine-testing system of the 
Navy’s multijet seaplane, the XNP6M-1 
Sea Master. 

Seats for the Century Series of U.S.A.F. 
Fighters: Convair and Lockheed De- 
velopments. Flight, May 17, 1957, p. 658. 

Crash Program Seeks Ejector for High 
Mach Escape. George L. Christian. Av. 
Week, May 6, 1957, pp. 94-96, 99, 103, 
105, 107-116 ff. Description of three dif- 
ferent ejection-seat systems. One of the 
two seats which use a skip-flow generator 
ejects downward and the other upward. 
The third system rotates the pilot 90 de- 
grees before ejection. 

Effect of Interaction on Landing-Gear 
Behavior and Dynamic Loads in a Flexible 
Airplane Structure. Francis E. Cook and 
Benjamin Milwitzky. U.S., NACA Rep. 
1278, 1956. 30 pp. 18 refs. Supt. of 
Doc., Wash., $0.30. Analysis of the in- 
teraction of the landing gear and structure 
on the behavior of the landing gear and the 
loads in the structure, treated by using the 
equations of motion of the airplane and 
the landing gear as a coupled system. 

Vliianie Temperatury i Davleniia Voz- 
dukha na Vzletno-Posadochnye Kharak- 
teristiki Samoletov s TRD. V. Fedorov. 
Grazhdanskaia Aviatsiia, Mar., 1957, p. 
17. In Russian. Study of the effect of 
temperature and air pressure on take-off 
and landing characteristics of aircraft 
equipped with a turbojet engine (TRD). 

The Speed of Transport Aircraft—An 
Analysis of Transatlantic Requirements. 
E. T. House. Shell Av. News, Apr., 1957, 
pp. 8-11. Discussion of optimum speed 
for air-line aircraft in terms of achieving 
the most economical overall trip time, 
timetable, and fleet utilization. 

Development of Infra-Red Defrosting 
for Aircraft Canopies. Leon Bennett, 
Wm. D. Murrary, and H. kK. Work. 
USAF WADC TR 53-115 [AD 118065], 
Mar., 1957. 79pp. Ilrefs. Analysis of 
infrared defrosting in terms of power re- 
quired, sources, materials, canopy tem- 
peratures, automatic temperature regula- 
tion, visible light output, efficiency, and 
other factors. A final design is prepared 
for the B-47B, and details are presented. 

Fog in the Cockpit. J. E. Slatky. 
CEC Recordings, May-June, 1957, pp. 
12-14. Solution of fog problems in pilot 
enclosures by high-vacuum techniques. 


Airports 


Airport Development and Operation 
Problems; A Comparative Study of Five 
Medium Size Cities. Richard Nelson. 
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J. Air Law & Commerce, Winter, 1957, pp. 
49-82. 

Modernize Terminal Facilities. H. O. 
Olson. SAE J., May, 1957, pp. 45, 46. 
Abridged. Discussion of modernized ter- 
minals which will require fixed installa- 
tions for fuel, air conditioning, and auxil- 
iary power; sheltered entry for passengers; 
and a nose dock for the aircraft 


Aviation Medicine 


Future Trends in Military Aviation 
Medicine. Ashton Graybiel. J/il. Med., 
May, 1957, pp. 347-353. 28 refs.  Dis- 
cussion of environmental hazards en- 
countered in high-speed, high-altitude 
flight, and the responsibilities of the aero- 
medical profession to protect the crew 
members. 

Effect of Exponential Type Control 
Lags on the Speed and Accuracy of Posi- 
tioning a Visual Indicator. Melvin J 
Warrick. USAF WADC TN _ 55-348 
[AD 99520], June, 1955. 12 pp. Inves- 
tigation to determine what effect control- 
ler-system lags have on the human opera- 
tor’s ability to position a visual indicator 
rapidly and accurately 

Untersuchungen zur Frage der GehGr- 
schadigung des fliegenden Personals der 
Propellerflugzeuge. S. Ruff, F. Kipp, H. 
Hansteen, and G. Miiller. DVL Bericht 
No. 21, Feb., 1957. 42 pp. Westdeut- 
scher Verlag, Kéln & Opladen. In Ger- 
man. Investigation of the hearing dam- 
age to personnel flying propeller-driven 
aircraft, in terms of total flight hours and 
flight duration. 

L’Utilisation des Plantes pour la Ré- 
génération de l’Oxygéne a Partir du Gaz 
Carbonique. Gilbert and Adeline. 
Fusées, Mar., 1957, pp. 69-74. 12 refs. 
In French. Discussion of the use of plants 
as biological gas exchangers in an enclosed 
atmosphere. 

The Role of the Pathologist in Aircraft 
Accident Investigation. I. M. Townsend. 
(IAS 25th Annual Meeting, New York, 
Jan. 28-31, 1957, Preprint 673.) Aero. 
Eng. Rev., July, 1957, pp. 65-67. Dis- 
cussion outlining the aims, as stated by the 
Department of Defense, of the Joint Com- 
mittee on Aviation Pathology, organized 
in November, 1955. 

The Effects of Gravitational Stress 
Upon Visual Acuity. William J. White 
and Warren R. Jorve. USAF WADC 
TR 56-247 [AD 110444], Nov., 1956. 29 
pp. 26 refs. Study to determine the re- 
lationship between increased gravitational 
force and visual acuity when the factor of 
reduced cerebral circulation is minimized 
by the use of a protective measure known 
to ameliorate the gross visual symptoms 
associated with g stress. 

Experimental Studies of Prolonged 
Wakefulness. Walter D. Chiles. USAF 
WADC TR 55-395, Dec., 1955. 16 pp. 

Rate of Information Transfer with 
Seven Symbolic Visual Codes: Motor and 
Verbal Responses. Earl A. Alluisi and 
Paul F. Muller, Jr. USAF WADC TR 
56-226, May, 1956. 25 pp. 14 refs. 
Summary of the results of two studies to 
determine the relative merits of seven 
symbolic visual codes with respect to the 
speed and accuracy of motor and verbal 
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read-out under both self-pacing and 
forced-pacing experimental conditions 


Computers 


The Computing Revolution. E. 1 
Harder. Elec. Eng., June, 1957, pp. 476- 
481. Discussion covering computer de- 
velopments; engineering, business, and 
control applications; automatic program- 
ing; simulation; and analog vs. digital 
computers 

Engineering Problems. Martin L 
Klein, Frank K. Williams, and Harry C 
Morgan. Instruments & Automation, 
May, 1957, pp. 889, 890. Evaluation of 
a polynomial using an eight-step program 
in a general-purpose digital computer 

An Introduction to Automatic Electronic 
Computing for Engineering Calculations. 
B. J. Kaganov. Can. Aero. J., May, 1957, 
pp. 155-160. 

New Techniques for Analog Computa- 
tion. Horton E. Harris. Instruments & 
Automation, May, 1957, pp. 894-899 
Descriptions of the following techniques: 
problem check, time-scale check, voltage- 
scale check, patchbay verifiers, pot-loading 
turrets, patchbay switching, and auto- 
matic recording. 

The Cryotron—A New Computer De- 
vice. S. R. Parker. Electronic Des., 
May 15, 1957, pp. 28, 29, 30, 31 ff. De- 
scription of a new computer element which 
is small, light, and dissipates little power. 
The operation is based upon the phenom- 
enon of superconductivity and the fact 
that this conductivity can be destroyed by 
application of a magnetic field. 

Computers—Analogue and Digital. 
Nuclear Eng., May, 1957, pp. 198-200 
Discussion of the basic principles of both 
analog and digital computers, with com- 
parison of their respective applications and 
reliability. 

Programme Design for the C.S.I.R.O. 
Mark 1 Computer. IV—Automatic Pro- 
gramming by Simple Compiler Tech- 
niques. G. W.Hilland T. Pearcey. Aus- 
tralian J. Phys., Mar., 1957, pp. 137-161 
Methods for assembling complete pro- 
grams from greatly reduced input pro- 
grams by selecting and transferring rou- 
tines from standard libraries, and forming 
appropriate commands to interconnect 
routines and the problem program. 

Sintez Releinykh Skhem pri Pomoshchi 
Mashin. F. Svoboda. Avtom. i Tele- 
mekh., Mar., 1957, pp. 240-255. 10 refs 
In Russian. Description of a semi-auto- 
matic test device for the synthesis and 
analysis of relay circuits developed at 
the Institue of Mathematical Machines, 
Czechoslovak Academy of Science. 

Short Computors in Service; A Review 
of Applications and Production Methods. 
Shorts, Mar., 1957, pp. 9-13. 

Mnozhitel’no-Delitel’noe Ustroistvo na 
Tiritakh. A. A. Maslov. Avtom. i Tele- 
mekh., Apr., 1957, pp. 336-348. 10 refs 
In Russian. Presentation of a method 
for determining the parameters of a low 
square electric circuit using thyrite resis 
tors, with description of the analog multi 
plier. 

An Electrical Analogue Equipment for 
Generating Functions of Two Variables. 
J. J. Gait and R. J. Garvey. Gt. Brit., 
RAE TN G. W. 449, Jan., 1957. 59 pp 
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Vertol tests 


world’s first Tilt-Wing 
VTOL Research Aircraft 


Engineers, if you ore not already working for 
the government or defense industry, inves- 
tigate job opportunities with Vertol. 


VERTOL 


ft Corporation 


MORTON, PENNSYLVANIA 


The new Vertol 76 isa true Vertical Take-Off and Landing (VTOL) 
aircraft, an experimental vehicle that casts a large shadow into 
the future. 


With its ability to take off, hover and land like a helicopter it is 
independent of all but the most rudimentary landing area. 
Yet it flies from point to point with the dispatch of a turbo-prop 
passenger plane. 


In this pioneer air vehicle the wing and rotor-propellers tilt asa 
unit through a 90° arc at the will of the pilot. For vertical flight 
he rotates the wing upward. To fly level he tilts the wing forward. 
Given a small runway, he can set the wing at the most effective 
angle to operate Model 76 as a Short Take-Off and Landing 
(STOL) aircraft and thus increase payload potential. 


The Model 76, soon to undergo flight tests, has been developed 
by Vertol for the Army Transportation Corps and the Office of 
Naval Research as part of the military’s ceaseless quest for 
greater mobility and efficiency. From flight tests will come expe- 
rience and knowledge applicable tothe bright future of VTOL in 
military and commercial aviation. 


Since 1943 Vertol has been a pioneer in research and develop- 
ment of vertical lift aircraft. It is now the largest independent 
manufacturer of helicopters. You may find that our know-how, 
our experienced personnel, our test facilities and our productive 
capacity can help you solve a problem. 


d 
4 
: 
f 
n 
: 
wo 
{ 
t 
ay 
7 
y 
r 
ad 
| 


112 


Digital Printer Boosts Readout Time. 
H. W. Gettings. Electronics, June 1, 
1957, pp. 182-185. 


Education & Training 


Operational Feasibility Tryout of the 
Experience Record, Form X-4. J. Dean 
Austin and Robert G. Holloway. USAF 
PTRC DRTN 57-32 [AD 098937], Mar., 
1957. 9 pp. Study to determine the 
relative efficiency of the Experience Record 
as a by-pass specialist selection device, in 
comparison with certain operational tech- 
niques. 

A Scaling Technique Designed to Give 
Approximations to Factor Scales. Dorothy 
M. Knoell and Roy A. DeGaugh. USAF 
PTRC RR TN 57-21 [AD 098924], Feb., 
1957. 18 pp. 

Airborne Storm Avoidance Radar Train- 
ing. Melvin E. Balzer. JRE Trans., 
ANE Ser., Mar., 1957, pp. 16-19. De- 
scription of United Air Lines’ training pro- 
gram, which emphasizes basic scope in- 
terpretation with special reference to 
severe storms and their appearance on a 
plan position indicator (ppi) display, and 
of flight-crew reaction to the training and 
to the radar installations. 

The Influence of Force and Amplitude 
Cues on Learning and Performance in a 
Complex Tracking Task. George E. 
Briggs, Harry P. Bahrick, and Paul M. 
Fitts. USAF PTRC RR TN 57-33 
[AD 098938], Mar., 1957, 12 pp. 10 refs. 
Examination of the effects of training in a 
F-86D simulator with a control column in 
which the force and/or the amplitude cues 
are reduced by a factor of four as compared 
to the levels of these cues present in the 
operational aircraft at an airspeed of 500 
kt. and at an altitude of 35,000 ft. 


Electronics 


Background Memorandum on Elec- 
tronics. Aircraft Ind. Assoc. Amer. P.R.- 
R. No. 56-45 (5657), May 9, 1957, 25 pp 
Discussion of the basic role of electronics 
in aviation. Included are a _ develop- 
mental review of the industry, air and 
ground uses in aviation, description of 
various basic electronic components, and 
the problems of reliability and manufac- 
turing facilities. 

Harnessing the Electron; a Decade of 
Progress at Sperry. James E. Shepherd. 
Sperry Eng. Rev., Mar.-Apr., 1957, pp. 
2-18. 30refs. Discussion of the develop- 
ment of klystrons, traveling-wave tubes, 
and semiconductor devices. 

The Application of an Analog Computer 
to the Measurement of Process Dynamics. 
P. E. A. Cowley. (ASME-ISA Conf,., 
New York, Sept. 17-21, 1956, Paper 56- 
IRD-20.) Trans. ASME, May, 1957, 
pp. 823-832. Description of the usual 
method for obtaining frequency-response 
measurements and of two techniques em- 
ploying analog computers for data reduc- 
tion. Results of laboratory  measure- 
ments on a dummy process and of field 
measurements on a real process are given 
to demonstrate the advantages of the lat- 
ter techniques over the former method. 
Further benefits to be derived from the use 
of digital computers are indicated, 


Activation of Electrical Contacts by 
Organic Vapors. L. H. Germer and J 
L. Smith. Bell System Tech. J., May, 
1957, pp. 769-812. 20 refs. 

Testing of Foil-Clad Laminates for 
Printed Circuitry. T. D. Schlabach, E. E. 
Wright, A. P. Broyer, and D. K. Rider 
ASTM Bul., May, 1957, pp. 25-30. Pres- 
entation of testing methods for copper- 
clad laminates to determine band strength, 
solderability, resistance of the adhesive 
and base laminate to thermal shock, con- 
ductivity of the metal foil, and the tem- 
perature rise induced by the passage of 
electrical current. 

How to Pick Cooling Systems for Elec- 
tronics at Mach 1-3. C. F. Johnson. 
Av. Age, May, 1957, pp. 122, 123, 124-128 
ff. Review of four basic cooling methods 
and their respective advantages. Meth- 
ods include free-convection air cooling, 
foreed-air cooling, liquid cooling, and 
evaporative cooling. 

Synthesis of Delay Line Networks. 
D. A. Linden and B. D. Steinberg. [TRE 
Trans., ANE Ser., Mar., 1957, pp. 34-39. 
Description of a systematic procedure 
which realizes a prescribed delay-line 
function as a cascade of elementary build- 
ing blocks, and with which flow-graph 
techniques may be used to obtain different 
embodiments corresponding to the same 
transfer function. 

Effects of Zero Ferrite Permeability on 
Circularly Polarized Waves. J. Duncan 
and L. Swern. Proc. ][RE, May 13, 1957, 
pp. 647-655. 19 refs. Presentation of 
experimental data describing the pro- 
pagation characteristics of ferrites in the 
vicinity of zero permeability as seen by a 
wave which exhibits a positive sense of 
circular polarization of its microwave H 
vector. 

Precision Potentiometers Approaching 
Infinite Resolutions. Max Bialer and 
Terry T. Crow. 
Feb., 1956. 17 pp. Discussion of three 
basic methods for producing precision 
potentiometers. 

New D-C Power Supply for Aircraft. 
R. E. King and V. Janonis. Westing- 
house Engr., May, 1957, pp. 82-85. 
Application of silicone diode rectifiers and 
magnetic amplifier regulators capable of 
operating in extreme environmental con- 
ditions. 

Informatsionnye Kriterii Otsenki Teleiz 
meritel’nykh Sistem. MM. M. Bakhmet’ev 
and R. R. Vasil’ev. Avtom. « Telemekh., 
Apr., 1957, pp. 371-375. In Russian 
Presentation of criteria for estimating 
telemetering systems. 

Binary Data Transmission Techniques 
for Linear Systems. M. L. Doelz, E. T. 
Heald, and D. L. Martin. Proc. IRE, 
May, 1957, pp. 656-661. Discussion of 
problems associated with fully using the 
binary data transmission potential of an 
SSB voice channel. 


Amplifiers 


Broadband Microwave Amplifier. Elec- 
tronic Des., May 1, 1957, pp. 32-33. 
Description of the platinotron, a new type 
of crossed-field vacuum tube used to 
amplify or generate microwave energy. 

A One-Kilowatt Airborne-Radio-Fre- 
quency Power Amplifier. James B. Hum- 
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feld. IRE Trans., ANE Ser., Mar., 
1957, pp. 30-34. 

K Teorii Odnopoluperiodnogo Magni- 
tnogo Usilitelia. I. R. A. Lipman and 
I. B. Negnevitskii. Avtom. 1 Telemekh., 
Apr., 1957, pp. 349-370. In Russian, 
Theoretical analysis of a half-wave mag- 
netic amplifier. 

Ob Uproshchennykh Raschetakh Mag- 
nitnykh Usilitelei s Serdechnikami iz 
Zhelezno - Nikelevykh Splavov. N. A. 
Kaluzhnikov. Avtom. <i  Telemekh., 
Mar., 1957, pp. 262-266. In Russian 
Presentation of simplified calculation 
of magnetic amplifiers having iron- 
nickel alloy cores. 


Circuits & Components 


Circuit Analysis by Normalization. ] 
J. Hupert. Electronic Eng., May, 1957, 
pp. 226-230. 11 refs. Method of net- 
work analysis by normalizing frequency 
variables in the complex frequency phase 
which represent positions of singular points 
of a transfer function of the network. 

Tube Design Considerations for Low- 
Voltage Operation in Hybrid Circuitry. 
Robert J. Bisso. Sylvania Tech., Apr., 
1957, pp. 388-41. Discussion of observa- 
tions—pertaining to grid emission, con- 
tact potential, grid current, and perform- 
ance within the required volt-supply 
range—imade during the development of a 
typical high-perviance pentode, type 
12CX6 

Investigation on Carbon Pile Regulator 
Type 79, in Relation to Generator Drive 
Quill Shaft Failure on Canberra Aircraft. 
T. S. Law and R. L. A. McKenzie. Gt 
Brit., RAE TN El. 134, Feb., 1957. 22 
pp. Experimental investigation to deter- 
mine the stability of the automatic volt- 
age-regulated d.c. power system with 
Type 512 generator and Type 79 regula 
tor. Frequency-response results and the 
effects on static voltage regulation with 
change in the composition of the carbon 
pile are given. 

Transistor Audio Amplifiers and Oscil- 
lators. Hugo Korn. Motorola News- 
gram, Mar.-Apr., 1957, pp. 28, 29. Dis 
cussion of coupling-circuit design and its 
associated matching problems. 

Transistor Bias Stabilization; Feedback 
Circuit for Low-Voltage Operation. | 
Somerset Murray. Electronic & Radio 
Engr., May, 1957, pp. 161-165. Method 
of using two transistors in cascade to 
permit the operating conditions of the 
first to be highly stabilized. As a result, 
it becomes practical to operate with a 
very low collector base voltage and, thus, 
to minimize semiconductor noise. 

Performance and Packaging of Modula- 
tors. M.H. Zinn. Electronic Des., May 
15, 1957, pp. 46, 47-49 ff. Discussion 
of radar modulators in terms of meeting 
certain system-performance requirements 
These include time jitter, time drift, 
warm-up time, ability to operate at dif- 
ferent pulse and repetition rates, and 
ability to meet ambient conditions. 

High-Reliability Transistorized Counter. 
H. C. Chisholm. Electronics, June 1, 
1957, pp. 171-178. Description of a 
system in which cascaded silicon-junction 
transistor binary stages energize neon- 
lamp indicators for a digital frequency 
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Tested and Approved 
by the British 
Royal Aircraft 
Establishment 


After an exhaustive test program conducted at the Royal 
Aircraft Establishment Farnborough, England, the 
Ministry of Supply selected a Kearfott floated rate 

integrating gyro for a major defense program in Britain. 
This gyro is the Kearfott Model T2502 which represents 
the most precise production gyro available today. 

Does not require daily trimming nor compensation. 
Suitable for inertial guidance or any application which 
demands the day-to-day precision inherent in this gyro. 


This floated rate integrating gyro is hermetically sealed 

for complete protection in any environment and to permit 
operation at extreme altitudes. The input axis is located 

by an indexing notch on the mounting diameter. The values 
tabulated represent the day-to-day characteristics of this gyro. 


KEARFOTT COMPANY, INC. 
Little Falls, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, IIl. 

South Central Office: 6211 Denton Drive, Dallas, Texas. 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT 12502 GYRO 
Dimensions: 334" diam. x 6-3/16" long 
Weight: 6.5 pounds max. 


CHARACTERISTICS 

Gimbal Freedom....... +3° 

Angular Momentum...... 6.05 x 10° GM CM*/Sec. 

Torque Linearity........ 1.5 dyne-cm 

from average rate 

.15°/Hr. maximum speed 

Mass Unbalance........ Y2°/Hr. RMS 

Temperature Control. .... +1°F 

Warm-Up Time......... 30 minutes 


Power Required: 
Motor-Starting........12% Watts 


(115V, 400 cps, 3 phase) 
5V, 400 cps, single phase 
...100 ma DC (Max) 
50 Watts (Max) 28V DC 
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Armament 

Bollistics 

®@ Radar Antennas 

© Guided Missile 

Support Equipment 

® Auxiliary Power Supplies 
Contro/ Systems 


From radar antennas to “readout” equipment... 


AMF has experience you can use 


e Giant search antennas made by AMF form a vital part of the nation’s air surveillance 
network @ And converting the incoming radar signals into instantly understandable infor- 
mation are brain-like AMF Electronic Data Display Systems. The ultimate in “readout” 
equipment, these compact console units accept either analog or digital information, instantly 
convert, coordinate, and display the data on the face of a cathode-ray tube. Incoming 
signals can be interleaved with synthetic symbols for immediate reference, and any segment 
of the display can be offset and enlarged whenever desired. ¢ See for yourself why, for 


radar control of air, ground, and harbors, or for general-purpose computer reading, AMF 


has the experience and equipment you can use. 


Another 


Defense Products Group 


AMERICAN MACHINE & FOUNDRY COMPANY 


PRODUCTS 


1101 North Royal Street, Alexandria, Va. 


Asbury Park @ Atlanta @ Boston @ Brooklyn Dallas * Dayton Los Angeles 
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IN T E R 


AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the United 
States Air Force under Contract No. AF 49(638)-185 monitored by the AF Office of 
Scientific Research of the Air Research and Development Command. 

The literature abstracted in this section is available through the lending or photo- 
copying services of the IAS Library, New York. 


NATIONAL 


PUBLISHED MONTHLY BY THE AERONAUTICAL ENGINEERING REVIEW 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 2, Number 8 


ACOUSTICS, SOUND, & NOISE 


EFFECT OF STANDING TRANSVERSE ACOUS- 
TIC OSCILLATIONS ON FUEL-OXIDANT MIXING 
IN CYLINDRICAL COMBUSTION CHAMBERS. W. 
R. Mickelsen. US, NACA TN 3983, May, 1957. 

49 pp. 10 refs. Analysis for acoustic conditions 
commonly found in screeching and screaming com- 
bustors. Transverse acoustic fields in cylindrical 
ducts are described in terms of pressure fluctua- 
tion, particle velocity, and oscillation frequency. 
The effect of such acoustic fields on the fuel-oxi- 
dant mixing downstream from point sources of in- 
jection is treated theoretically to obtain expres- 
sions relating the fuel-oxidant ratio to the parame- 
ters of the stream and the acoustic field. Numeri- 
cal solutions of these relations are obtained to il- 
lustrate the effect of sound-pressure level, stream 
velocity, and turbulence level. A number of pos- 
sible mechanisms contributing to screech and 
scream in various combustor configurations are 


proposed and methods are suggested for their con- 
trol. 


AERODYNAMICS 


THEORETICAL LOAD DISTRIBUTIONS ON FIN- 
BODY-TAILPLANE ARRANGEMENTS IN A SIDE- 
WIND. J. Weber and A. C. Hawk. Gt. Brit., 
ARC R&M 2992, 1957. 58 pp. 14 refs. BIS, New 
York, $3.06. Development of a theory for calculat- 
ing the distributions of sideforce and lift on fin- 
fuselage-tailplane arrangements in a side-wind, 
but with the tailplane set at zero incidence. Analy- 
sis is limited to incompressible flow and is further 
simplified by assuming that the geometrical ar- 
Tangement is in each case such as to give constant 
induced sidewash. The results, which can be ex- 
tended to other arrangements and to compressible 
‘subcritical flow, are required for stability and 
stressing analyses. The main functions in the cal- 
culation are presented for representative cases in 
the form of tables and charts. 


Aerothermodynamics 


COMPRESSIBLE LAMINAR BOUNDARY LAYER 
OVER A YAWED INFINITE CYLINDER WITH HEAT 


‘proximation of the momentum equations for three- 
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August, 1957 


TRANSFER AND ARBITRARY PRANDTL NUMBER. 
Appendix A, B - SOLUTION OF ORDINARY DIF- 
FERENTIAL EQUATIONS. Appendix C - ASYMP- 
TOTIC SOLUTION. Appendix D - STAGNATION- 
LINE RECOVERY FACTOR FOR YAWED CYLIN- 
DER. Eli Reshotko andl. E. Beckwith. US,NACA 
TN 3986, June, 1957. 86 pp. 29 refs. Derivation 
of a set of three simultaneors ordinary differential 
equations by use of the Stewartson transformation 
and a linear viscosity-temperature relation. The 
equations are solved for stagnation-line flow for 
surface temperature from zero to twice the free 
stream stagnation temperature and for a wide range 
of yaw angle and free-stream Mach Number. The 
results show that the effect of yaw on heat-transfer 
coefficient at the stagnation line depends markedly 
on the free-stream Mach Number. 


Boundary Layer 


THE THREE-DIMENSIONAL BOUNDARY-LAYER 
EQUATIONS AND SOME POWER SERIES SOLU- 
TIONS. L. C. Squire. Gt. Brit., ARC R&M 3006, 
1957. 17 pp. BIS, New York, $0.99. Derivation 
of boundary-layer equations using a general coordi- 
nate system based on those used by Howarth in his 
previous derivation. Various theorems hitherto 
only proved in more restrictive systems are ex- 
tended to this general system. The particular case 
‘of streamlines of zero geodesic curvature is inves- 
tigated and a solution of such flow found by a power 
series method. Finally Howarth's stagnation-point 
‘solution is extended to second-order terms by 
numerical investigation. 


A SIMPLIFIED METHOD FOR THE CALCULA- 
TION OF THREE-DIMENSIONAL LAMINAR BOUND- 
ARY LAYERS. J.A. Zaat. Netherlands, NLL Rep. 
F.184, Apr., 1956. 13 pp. Derivation of an ap- 


dimensional laminar boundary layers by two total 
differential equations of the first order. It is as- 
sumed that the boundary-layer velocities in the 
direction perpendicular to the local free flow are 
small compared with those in the direction parallel 
to the flow. The boundary-layer quantities in the 
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direction of the local free flow are calculated by 
neglecting the boundary-layer crossflow, but taking 
into account the three-dimensional character of the 
potential flow. The crossflow is calculated by using 
results for the main flow which lead to an integral 
equation. This method is applied to flow about a 
yawed ellipsoid at zero incidence, and the results 
agree with those obtained from the complete mo- 
mentum equations. 


POHLHAUSEN-TYPE, LAMINAR, INCOMPRESS- 
IBLE BOUNDARY LAYER SOLUTIONS. Kenneth R. 
Cramer. USAF WADC TR 56-569 [AD 118114], Dec., 
1956. 35 pp. 32 refs. Review and comparison of 
existing Pohlhausen-type laminar, incompressible 
boundary-layer solutions. An integral-type solu- 
tion is developed on the basis of Timman's velocity 
profiles, and the accuracy is determined by com- 
paring the results obtained from example problems, 
exact solutions, and experimental results. It is con- 
cluded that either the above method or Thwaites!' so- 
lution should be employed for determining the bound- 
ary-layer parameters for flow over arbitrarily 
shaped bodies. 


EFFECT OF YAW ON BOUNDARY LAYERS AT 
HIGH SPEEDS. Appendix A - EQUATIONS OF 
MOTION AND THEIR TRANSFORMATIONS (COM- 
PRESSIBLE CASE). Appendix B - INTEGRATION 
METHOD. H. G. Lew and J. B. Fanucci. Penn. 
State U. Dept. Aero. Eng. TR 9 (AFOSR TN 57- 
221) [AD 126519], Nov., 1956. 5lpp. 12 refs. 
Theoretical investigation of the flow over yawed 
infinite wings in a compressible fluid with heat 
transfer at the surface. Results for wall shear, 
heat-transfer coefficient, and the modified Reyn- 
olds analogy variations with sweepback are com- 
pared using, wherever possible, the expansions in 
the enthalpy function at the wall or surface of the 
body (So) and a sweepback parameter. It is shown 
that, for the usual range of these variables, the 
derived method is sufficient for most purposes. 
Results for the stagnation-point flow indicate that 
the heat-transfer coefficient is decreased consid- 
erably by sweepback. When the sweepback param- 
eter equals zero, the two-dimensional results com- 
pare favorably with the more exact calculations of 
Cohen and Reshotko, even to the extreme values 
So z +1. 


EFFECT OF YAW ON THE COMPRESSIBLE 
LAMINAR BOUNDARY LAYER. J. Tinkler. Gt. 
Brit., ARC R&M 3005, 1957. 14 pp. BIS, New 
York, $0.81. Transformation of equations govern- 
ing the laminar compressible boundary layer on a 
yawed body of infinite span to give three nondimen- 
sional equations defining two velocity components 
and the enthalpy. Assuming that the Prandtl Num- 
ber is unity and that there is zero heat transfer, a 
relation is obtained between the stream Mach Num~ 
ber and the angle of yaw for flows which give the 
same boundary-layer equations. The further as- 
sumption of viscosity proportional to the absolute 
temperature is made and similar solutions are 
found to be given by a family of surface Mach Num- 
ber distributions normal to the leading edge. 
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ESTIMATION OF COMPRESSIBLE BOUNDARY- 
LAYER GROWTH OVER INSULATED SURFACES 
WITH PRESSURE GRADIENT. Appendix---TRANS- 
FORMATION OF MOMENTUM AND ENERGY EQUA- 
TIONS. Gerald W. Englert. U.S., NACA TN 4022, 
June, 1957. 35 pp. 27 refs. Extension of the in- 
compressible boundary-layer theory of Trucken- 
brodt using a modified Stewartson-type transforma- 
tion. The variation of turbulent shear stresses with 
Mach Number of the bounding potential stream is 
considered using the reference-temperature method 
of Eckert. The procedure developed is applicable 
to two-dimensional and axisymmetric laminar and 
turbulent boundary layers, and accounts for the 
pressure gradient along the wall, for both compress- 
ible and incompressible flow, 

ON THE CALCULATION OF STEADY LAMINAR 
BOUNDARY LAYER FLOWS WITH CONTINUOUS 
SUCTION. Henry Girtler. J. Math. & Mech., 
May, 1957, pp. 323-340. 10 refs. Presentation of 
an exact solution, in the form of an infinite series, 
for the boundary-layer equations of plane and steady 
laminar boundary-layer flow of an incompressible 
viscous fluid around a cylinder, in the general case 
of arbitrary outer velocity distribution U (x) and 
arbitrary suction velocity distribution vo (x) along 
the wall. A method is described for deriving the 
numerical evaluation of such flows from the series. 
This method is shown to be so simple that the 
amount of work involved in calculating the boundary 
layer flow for any given U (x) and vo (x) is compa- 
rable with that of the nonrigorous and unreliable 
parameter methods of the momentum-integral type. 


PERFORATED SHEETS AS THE POROUS 
MATERIAL FOR A SUCTION-FLAP APPLICA- 
TION. R. E. Dannenberg, J. A. Weiberg, and B. 
J. Gambucci. US, NACA TN 4038, May, 1957. 36 
pp. Investigation on a two-dimensional model of 
an NACA 0006 airfoil with area suction applied on 
the upper surface near the hinge line of a 0.3-chord 
plain trailing-edge flap. Measurements are made 
of both the pressure and the suction velocity distri- 
butions over the surface of the porous region for 
each permeability arrangement tested, over a 
range of suction flow extending from no flew toa 
value well above that required for separatien con- 
trol over the flap. Further information on,the ef- 
fects of hole size and spacing is provided by using 
perforated sheets with a resistance backing te con- 
trol the inflow distribution. Limits are indicated 
for the hole size and the hole spacing suitable for 
the porous region on a suction flap. 


Control Surfaces 


THE AERODYNAMIC ACTION OF TRIANGULAR 
HORN-BALANCED CONTROL SURFACES ON THE 
SUPERSONIC DELTA WING. Derek Naylor. J. 
Aero. Sci., Aug., 1957, pp. 574-578. Determina- 
tion of the pressure distribution on the basis of line « 
arized theory for a delta wing in the region of influ- 
ence of a deflected flap type of control with a tri- 
angular horn balance. General formulas for the 
controi hinge-moment increment are calculated to 
estimate the effectiveness of an aerodynamic bal- 
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ance of the type considered, and corresponding 
formulas for the increment in the lift are also de- 
veloped. The final expressions for the increments 
are represented graphically as functions of a delta- 
wing parameter based on the leading-edge sweep- 
back and the free-stream Mach angle, and a geo- 
metrical parameter determined by the control sur- 
face configuration. 


Fluid Mechanics & Aerodynamic Theory 


ON THE THEORY OF BINARY FLUID MIXTURES. 


F. J. Pearson and G. S. Rushbrooke. Proc. Ro 
Soc. (Edinburgh), Sect. A, 1955-57, pp. 305-317. 
18 refs. Derivation of a compressibility equation 
for binary mixtures. Based on an equivalence of 
expressions for the mean-square fluctuation in the 
total number of systems, the derivationis presented 
in terms of thermodynamic and radial distribution 
functions. The problem of evaluating the corre- 
sponding radial distribution functions by means of 
X-ray or optical scattering is solved by a concen- 
tration correlation function from observations of 
critical opalescence. 


SOME ASPECTS OF THREE-DIMENSIONAL 
CAVITY FLOW. A. J. Taylor-Russell. J. RAeS, 
May, 1957, pp. 345-352. Study of the wake-flow 
region of an equilateral triangular plate at large 
angles of incidence with emphasis on the region of 
recirculation. Data is presented for some meas- 
urements of force coefficients, static pressure, 
and mean velocity. An attempt is made to explain 
why the recirculatory flow is found only at angles 
of incidence greater than 35°, 


ON THE HYDRODYNAMIC STABILITY OF TWO 


VISCOUS INCOMPRESSIBLE FLUIDS IN PARALLEL 


UNIFORM SHEARING MOTION. Saul Feldman. 
Fluid Mech., June, 1957, pp. 343-370. 20 refs. 
Analysis based on small-disturbance theory which 
leads to a characteristic value problem ina sys- 
tem of two linear ordinary differential equations. 

The essential dimensionless parameters that ap- 
pear in the present problem are the viscosity ratio 
m, the density ratio r, the Froude Number F, and 
the Weber Number W. The results are presented 
graphically for most fluid combinations of possible 
interest. The neutral stability curve is single- 
looped, as in the boundary-layer case. General 
agreement between theoretical and experimental 
values exists for all critical quantities except the 
Reynolds Number. Gravity and surface tension are 
found to have a destabilizing effect on the flow. The 
linear velocity profile of two adjacent fluids with 

the same viscosity, but different densities, is shown 
to be unstable for high Reynolds Numbers. 


AN ELECTRONIC ANALOGUE FOR SUPER- 
SONIC FLOW. L. S. G. Kovdsznay. J. Fluid 
Mech., June, 1957, pp. 383-396. Presentation of 
an analog method for solving certain quasi-linear 
hyperbolic partial differential equations. The 
characteristic lines are formed by scanning elec- 
tronically the screen of a cathode-ray tube. The 
boundary conditions are introduced in the form of 
an opaque mask. The solution appears as a picture 
on the screen of a second cathode-ray tube. 
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ON FLOW OF ELECTRICALLY CONDUCTING 
FLUIDS OVER A FLAT PLATE IN THE PRES- 
ENCE OF A TRANSVERSE MAGNETIC FIELD. V. 
J. Rossow. US, NACA TN 3971, May, 1957. 54 
pp. 41 refs. Investigation of the use of a magnetic 
field to control the motion of electrically conduct- 
ing fluids. The boundary-layer solutions are found 
for flow over a flat plate when the magnetic fieldis 
fixed relative to the plate or to the fluid. The equa- 
tions are integrated numerically for the effect of 
the transverse magnetic field on the velocity and 
temperature profiles and, hence, the skin friction 
and rate of heat transfer. Results indicate that the 
skin friction and the heat-transfer rate are reduced 
when the transverse magnetic field is fixed relative 
to the plate,and increased when fixed relative to the 
fluid. The total drag is increased in all the cases 
studied. 

ON THE UNSTEADY MOTION OF A VISCOUS 
FLUID PAST A SEMI-INFINITE FLAT PLATE. G. 
F. Carrier and R. C. DiPrima. J. Math. & Phys., 
Jan., 1957, pp. 359-383. ll refs. ONR-supported 
analysis based on a system of equations derived by 
a modified Oseen linearization of the equation of 
motion. It is found that the flow field consists of 
the sum of the mean flow and an oscillatory motion. 
The phase advance in the oscillatory motion is 1/8 
at the leading edge and increases monotonically to 
w/4. The result is a ghear-wave type solution and 
corresponds to an infinNe lamina performing har- 
monic oscillations in a viscous fluid. 


ON THE FLOW OVER A FINITE WEDGE IN THE 
LOWER TRANSONIC REGION. Hideo Yoshihara. 
USAF WADC TR 56-444 [AD 110428], June, 1956. 

27 pp. 18 refs. Analysis of flow over a wedge at 
zero incidence for the lower transonic region by 
means of transonic small-perturbation method in 
the hodograph plane. The problem consists of a 
transonic boundary-value problem and a supersoni¢ 
initial-value problem. The essential difficulty re- 
sults from the fact that, in the transonic boundary- 
value problem, part of the subsonic boundary and 
the condition to be prescribed there depend on the 
solution of the supersonic initial-value problem, 
while the initial data for the latter must be obtained 
from the transonic boundary-value problem. The 
solution is an iterative one with the direct goal 
being the determination of the unknown subsonic 
boundary condition. In the resulting problem a 
special behavior of the solution is used to obtain 
convergence of the process. 


AN EXPERIMENTAL INVESTIGATION OF THE 
PRESSURE ON A THIN FLAT PLATE AT HYPER- 
SONIC SPEEDS. I. E. Vas. Princeton U. Dept. 
Aero. Eng. Rep. 377 (USAF WADC TN 57-104)[AD 
118151], Mar., 1957. 20 pp. 20 refs. Test results 
which indicate that the pressure on a flat plate at 
hypersonic speeds depends upon the leading edge 
thickness. For large values of Reynolds Number, 
the inviscid effects predominate on the plate, the 
pressure depending on the Mach Number and the 
geometric parameter, x/t. For small Reynolds 
Numbers, the viscous effects predominate, the 
pressure depending upon the Mach Number, the 
geometric parameter, and the viscous parameter. 
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APPLICATION OF THE VARIATIONAL METHOD 
TO THE PROBLEM OF AXISYMMETRIC ROTA- 
TIONAL COMPRESSIBLE FLOW. Bohdan Krajewski. 
Arch. Mech. Stosowanej, No. 2, 1957, pp. 211-215. 
Description of a method for reducing the flow prob- 
lem to a variational problem by introducing the 
stream function y and changing variables. It is 
shown that further considerations can be undertaken 
by one of the known methods, such as that of Ritz 

or Galerkin. 


A SHOCK-EXPANSION THEORY APPLICABLE 
TO WINGS WITH ATTACHED SHOCK WAVES. L. 
M. Sheppard and K. D. Thomson. Gt. Brit., RAE 
TN Aero.2493, Jan., 1957. 17 pp. 10 refs. Ex- 
tension of shock-expansion theory to give a method 
for computing the surface pressure distribution on 
three-dimensional wings with shock waves attached 
to the edges. Although the extended method is de- 
rived for high Mach Numbers only, preliminary 
comparisons of its predictions with those of line- 
arized theory and the one experiment available 
indicate that it can be applied at quite low Mach 
Numbers, provided that the wing edges are highly 
supersonic. Two simple illustrative examples are 
given. 


ON THE STABILITY OF PLANE SHOCK WAVES. 
N. C. Freeman. J. Fluid Mech., June, 1957, pp. 
397-411. Analysis of the decay of small perturba- 
tions on a plane shock wave propagating along a two- 
dimensional channel into a fluid at rest. An expres- 
sion for the pressure distribution produced by the 
obstacles upon the shock wave is built up as an 
integral of a Fourier type. From this the shock 
shape is deduced and the decay of the perturbations 
obtained from an expansion (valid after the disturb- 
ances have been reflected many times between the 
walls) for the shock shape in a descending power of 
the distance traveled by the shock wave. It is shown 
that perturbations die out in an oscillatory manner, 
-and that a Mach Number of maximum stability (1.15) 
exists, the disturbances to the shock wave decaying 
most rapidly at this Mach Number. 


ONE-DIMENSIONAL SHOCK-MOTION OF A 
GAS WITH y= 3, ENCLOSED BETWEEN FIXED 
WALLS. G. Kuertiand K. Faymon. J. Math. & 
Phys., Jan., 1957, pp. 384-393. ONR-supported 
analysis of the motion of the gas beyond the "'break- 
down point" - the point at which infinite gradients 
of velocity and pressure usually occur. In the ex- 
ample studied, the region-wise homentropic char- 
acter of the flow subsists although the velocity is 
nonuniform in the two regions separated by the 
shock. A shock solution is found which makes it 
possible to calculate the successive shock reflec- 
tions at the walls and the associated u and c (dimen- 
sionless particle and sound velocities, respectively) 
distributions for any time. Numerical results are 
given. 


GENERALIZATION OF INTEGRAL RELATION- 
SHIPS WITH APPLICATIONS IN WING-BODY IN- 
TERFERENCE, WING THEORY, AND DIFFRAC- 
TION OF PULSES. Appendix A - INTEGRALS OF 
DISTURBANCE PRESSURE ON THE GROUND. Lu 
Ting. Polytech. Inst. Bklyn., Dept. Aero. Eng. 
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& Appl. Mech., PIBAL Rep. 379 (AFOSR TN 57- 
159) [AD 126451], Apr., 1957. 44 pp. 15 refs. 
Proof of a theorem concerning the integrated prop- 
erties of the linearized pressure distribution on a 
cylindrical surface in a supersonic stream when 
the normal velocity on the cylindrical surface is 
prescribed. The theorem is applied, without using 
Evvard's result, in the derivation for lift and drag 
of a rectangular wing with a constant zero-thick- 
ness profile in supersonic flight. A pressure inte- 
gral theorem is obtained for the diffraction of a 
pulse or a weak shock over a rectangular notch. 

Its usefulness is demonstrated in reducing the work 
entailed in obtaining the mean pressure distribution 
along any depth inside the notch at different instants 
for various width-height ratios. 


NONUNIFORMITIES IN SHOCK-TUBE FLOW 
DUE TO UNSTEADY-BOUNDARY-LAYER ACTION, 
Harold Mirels and W. H. Braun. US, NACA TN 
4021, May, 1957. 45 pp. Evaluation for shock 
tubes in which the boundary layer is thin relative 
to the tube diameter and is either wholly laminar 
or wholly turbulent. The hot-gas region between 
the shock wave and the contact surface is consid- 
ered. Both the axial distributions at any instant 
and the temporal distributions at any axial positien 
within this region are found. Numerical computa- 
tions are presented for an air-air shock tube. THe 
analytical method used is an extension of the one 
previously developed by Mirels for finding the simi- 
larly caused flow perturbations immediately behind 
the shock wave in a shock tube. It is assumed that 
the boundary-layer action is equivalent to a one- 
dimensional distribution of mass sources and that 
the expansion wave has zero thickness. 


CHARTS OF FLOW PROPERTIES BEHIND 
PLANE AND CONICAL SHOCK WAVES AT OUTER 
EDGE OF BOUNDARY LAYER. Reinhard Krause 
and J. L. Gordon. USAF HADC TN 57-5 [AD 
113035], May, 1957. 25 pp. Graphs of the ratio of 
local to free stream conditions vs. free-stream 
Mach Number, plotted up to Me. = 20 for pres- 
sures, densities, velocities, Mach Number, and 
temperatures. Charts are based on a ratio of 
specific heats of ¥ = 1.4, except for the data for 
conical flow which are available only for y = 1.405. 


SPACE-TIME DOUBLE CORRELATIONS AND 
SPECTRA IN A TURBULENT BOUNDARY LAYER. 
A. J. Favre, J. J. Gaviglio, and R. Dumas. J. 
Fluid Mech., June, 1957, pp. 313-342. 15 refs. 
Experimental investigation on the turbulent bound- 


ary layer of a flat plate with zero pressure gradient. 


Transition is obtained either by increasing the pre- 
turbulence upstream of the plate by means of a grid, 
or by a series of emery-paper roughness elements 
beginning at the leading edge. The measurements 
are taken for the space-time double correlations, 
i.e., double velocity correlations with both spatial 
separation and time delay, from which isocorrela- 
tion lines for optimum delay can be drawn, and for 
the spectrum function - all for the longitudinal com- 
-_ponent of the velocity fluctuation. 
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Internal Flow 


EXPERIMENTS AT LOW REYNOLDS NUMBERS. 
J - ISOLATED AIRFOILS. I - AXIAL FLOW TUR- 
BOMACHINE. Joseph Neustein. CIT Hydrodynam- 
ics & Mech. Eng. Lab. Rep. No. 6, Mar., 1957. 
221 pp. 44 refs. Determination of pressure dis- 
tributions for three types of airfoils in the Reynolds 
Number range between 5,000 and 200,000. Turbu- 
lence in the main stream, varied over a wide range, 
is found to be effective in sustaining relatively high 


‘lift for thick airfoils at Reynolds Numbers as low 


as 7,000. A sharp leading-edge plate-airfoil pro- 
duces lift exceeding the potential-flow value fora 

flat plate. Investigation of the performance of a 
single-stage axial-flow turbomachine shows no ab- 
rupt deterioration of performance occurring in this 
type of machine until the Reynolds Number drops be- 
low 20,000. Apparently the wakes from the pre-ro- 
tation vanes play an important role in preventing se- 
vere laminar separation over the range of Reynolds 
Numbers covered, 


LE DECROCHAGE TOURNANT DES MACHINES 
AXIALES GENERATRICES MONOETAGES, LOIS 
DE SIMILITUDE. Simon Goldstein and A. L. 
Jaumotte. ZAMP, May 25, 1957, pp. 235-251. 34 
refs. In French. Study of the velocity of propaga- 
tion of rotating stall to determine its effect on the 
frequency of the blade vibrations excited by this 
non-steady stall. The investigation is carried out 
ona single rotor. The similarity laws in the work- 
ing region associated with rotating stall are found 
and the similarity laws relative to the velocity of 
propagation of stall are determined when a discon- 
tinuity in the characteristic curve is associated 
with this phenomenon. It is shown that the velocity 
of rotating stall may be determined from an induced 
phenomenon, either sound or vibration. 


LOCAL COEFFICIENTS OF SKIN FRICTION 
AND HEAT TRANSFER FOR TURBULENT BOUND- 
ARY LAYERS IN TWO-DIMENSIONAL DIFFUSERS. 
J. N. Hool. Gt. Brit., ARC R&M 2986, 1957. 12 
pp. 10 refs. BIS, New York, $0.72. Study of the 
changes in local coefficients under rising pressure 
gradients. The values of the local coefficients of 
skin friction and heat transfer are compared on the 
basis of Reynolds' analogy, von Karman's improve - 
ment to Reynolds’ analogy, and on the basis of simi- 
lar velocity and temperature boundary-layer pro- 
files. Tests on diffusers at total angles of 4° 
and 7° show that the local coefficients of heat 
transfer, based on the measured heat-transfer val- 
ues, increase with increase of the stream velocity 
and diffuser angle relative to the local coefficients 
of heat transfer. 


INVESTIGATION OF A SHORT-ANNULAR-DIF- 
FUSER CONFIGURATION UTILIZING SUCTION AS 
A MEANS OF BOUNDARY-LAYER CONTROL. 
Stafford W. Wilbur and James T, Higginbotham. 
U.S., NACA TN 3996, June, 1957. 33 pp. Test 
results on several diffuser configurations which 
show that significant improvement in performance 
is obtained when a suction flow rate as small as 
1% is utilized. Increased rates of suction are re- 
sponsible for some additional improvements de- 
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pending on the configuration of suction openings. 
Rounding the entrance of the suction holes and 
increasing the area through which suction is ap- 
plied effectively decreases the auxiliary flow losses 
and thereby produces higher values of diffuser ef- 
fectiveness, The diffuser-exit velocity distribu- 
tions are also improved by the increase in suction 
area and by an increase in the amount of suction. 


ON AXIALLY SYMMETRIC FLOW THROUGH 
ANNULAR BODIES IN COMPRESSIBLE FLOW. 
M. Z. v. Krzywoblocki. Istanbul Tek. U., Bul., 
No. 1, 1957, pp. 60-83. 28 refs. Linearized meth- 
od for solving the problem analogous to that of the 
open-nosed slender body, in the domain of a com- 
pressible flow. Includes an illustrative example. 


K RASCHETY VICHODNOGO UCHASTKA EZHEK- 
TORA. M. V. Polikovskii. Izv. Akad. Nauk SSSR, 
Otd. Tekh. Nauk, Jan., 1957, pp. 61-69. In Russian. 
Presentation of a method for the calculation of the 
inlet section of an ejector. The effect of the con- 
figuration on the pressure and cavitational char- 
acteristics is taken into account and it is assumed 
that the two mixing fluids are incompressible and 
have equal specific weights. A close agreement is 
found between the theory and the experiment. 


FURTHER INVESTIGATIONS OF THE LAMINAR- 
TURBULENT TRANSITION IN A FREE JET (ANNU- 
LAR NOZZLE). O. Wehrmann and H. Fabian. Her- 
mann FSttinger-Inst. ftir StrSmungstech., Berlin 
Tech. U. Rep. (AFOSR TR 57-31) [AD126494], Dec., 
1956. 43 pp. 10 refs. Investigation of the law gov- 
erning the shedding frequency of the ring vortices 
as a function of the Reynolds Number, and to find 
the influence of the nozzle boundary layer. By 
application of a special calibration method it is pos- 
sible to measure the velocity destribution of the vor- 
tices numerically and to determine with rather good 
accuracy the value of a critical vortex Reynolds Num- 
ber which describes the final stage of a vortex before 
its three-dimensional decay. Three types of nozzle 
are used, and all three show the frequency laws and 
the transition phenomena characteristics. Acoustic 
control of the transition phenomena is discussed. 


O PERIODICHNOSTI STRUI, VYKHODIASHCHEI 
IZ SIMMETRICHNOGO SOPLA NA RASCHETNOM 
REZHIME. G. A. Dombrovskii. AN SSSR Dokl., 
Mar. 1, 1957, pp. 58-61. In Russian. Analysis ot 
the periodicity of a supersonic jet issuing from a 
symmetrical nozzle under rated conditions in the 
absence of compressibility fluctuations. 


Stability & Control 


CRITICAL FLIGHT CONDITIONS AND LOADS 
RESULTING FROM INERTIA CROSS-COUPLING 
AND AERODYNAMIC STABILITY DEFICIENCIES. 
W. J. G. Pinsker. (NATO AGARD Struc. & Ma- 
terials Panel, Copenhagen, Apr., 1957.) Gt. Brit. 
RAE TN Aero. 2502, Mar., 1957. 44 pp. Discus- 
sion of the effects of gyroscopic forces on an air- 
craft with large inertias during rolling maneuvers, 
and presentation of criteria for three resulting 
divergent flight conditions: yaw divergence, pitch 
divergence, and autorotational rolling. The criti- 
cal loading cases in practical rolling maneuvers 
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are analyzed, methods for determining peak loads 
are outlined, aircraft responses in inadvertent 
pitch-up are analyzed, and data are given for the 
estimation of peak loads both for uncontrolled con- 
ditions and for pitch-up with pilot's counteraction. 


CHARTS FOR ESTIMATING THE EFFECTS OF 
SHORT-PERIOD STABILITY CHARACTERISTICS 
ON AIRPLANE VERTICAL-ACCELERATION AND 
PITCH-ANGLE RESPONSE IN CONTINUOUS AT- 
MOSPHERIC TURBULENCE. Appendix - ANALY- 
SIS OF AIRPLANE RESPONSES AS AFFECTED BY 
VARIATIONS IN THE DIMENSIONLESS PARAME- 
TERS. K. G. Pratt and F. V. Bennett. US, NACA 
TN 3992, June, 1957. 6lpp. ll refs. Presentation 
of charts in terms of four dimensionless parame- 
ters for estimating the root-mean-square vertical- 
acceleration and pitch-angle responses. The trends 
of the responses with each of four parameters are 
discussed in terms of two significant combinations 
of the parameters involved. The charts are best 
suited for application to rigid unswept-wing air- 
planes of not more than 200-ft. wingspan, flying at 
low subsonic speeds. 


Wings & Airfoils 


THE CALCULATION OF THE PRESSURE DIS- 
TRIBUTION OVER THE SURFACE OF TWO-DI- 
MENSIONAL AND SWEPT WINGS WITH SYM- 
METRICAL AEROFOIL SECTIONS. J. Weber. 
Gt. Brit., ARC R&M 2918, 1956. 63 pp. 19 refs. 
BIS, New York, $3.15. Complete derivation of 
Riegels and Wittich's theory, including detailed 
discussion of the approximations made and their 
effect on the accuracy of the results. Calculated 
pressure distributions are identical with the exact 
values for airfoils of elliptic cross section, and 
the numerical values for Joukowsky airfoils agree 
well with the exact solutions. The method, which 
is particularly suitable for practical applications 
in that only knowledge of the section ordinates is 
required, is extended to sheared wings of infinite 
span and to the center section of swept wings, by 
means of Kiichemann and Weber's solutions for 
zero lift and for the thin wing with lift. 


A SERIES OF AEROFOILS DESIGNED TO DE- 
VELOP EXCEPTIONALLY LARGE LIFT COEF- 
FICIENTS WHEN BOUNDARY LAYER CONTROL 
BY BLOWING IS EMPLOYED. D. G. Hurley and 
P. R. Skeat. Australia, ARL Rep. A.102, Mar., 
1957. 33 pp. Includes detailed theoretical investi- 
gation of one of the airfoils which has a thickness/ 
chord ratio of 0.62, a trailing-edge angle of 90°, 
and a design lift coefficient of 9.69. The design 
method, which is an extension of classical free 
stream-line theory, is described and the velocities 
at the surface of an airfoil when at an incidence 
other than the design value are determined. 


SOME THICKNESS DISTRIBUTIONS FOR NAR- 
ROW WINGS. W. T. Lord and Barbara Green. Gt. 
Brit., RAE TN Aero.2495, Feb., 1957. 29 pp. 
Outline of a method for designing thickness distribu- 
‘tions for narrow wings - particularly those with 
straight, unswept trailing edges. The method uses 
inviscid flow theory to design for low zero-lift wave 
drag in such a way that possible effects of boundary 
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layers are taken into account in accordance with 
the ideas of Kiichemann and Weber. For clarity, 
only delta wings with diamond cross sections and 
sharp leading edges are considered in detail. 


A TECHNIQUE FOR IMPROVING THE PREDIC- 
TIONS OF LINEARISED THEORY ON THE DRAG 
OF STRAIGHT-EDGED WINGS. D. G. Randall. 
Gt. Brit., RAE TN Aero.2474, Jan., 1957. 41 pp. 
Analysis to show that, if the linearized equation of 
supersonic flow is used to determine the flow over 
straight-edged wings and the linearized boundary 
condition is replaced by the,full (nonlinear) bound- 
ary condition, the discontinuities displayed in the 
slope at the various Mach Numbers for which the 
edges are sonic, disappear and are replaced by 
plausible values. On this basis a simple method is 
derived which gives satisfactory agreement with 
experimental data. 


THE WAVE DRAG OF NON-LIFTING COMBINA- 
TIONS OF THIN WINGS AND "NON-SLENDER'" 
BODIES. Appendix - PROPERTIES OF AXIAL 
MULTIPLE DISTRIBUTIONS. L. M. Sheppard. 

Gt. Brit., RAE TN Aero. 2496, Mar., 1957. 26 pp. 
19 refs. Presentation of an alternative to the ap- 
propriate Lomax-Heaslet multipole method. The 
procedure described is based on the assumption, 
fundamental to the area rule and the transfer rule, 
that the effect of the wave drag of the interference 
velocity potential, due to the interaction between 
the exposed wing and the fuselage, is negligible. 
Treatmeat includes an investigation, based on exist- 
ing theoretical and experimental data, of the validity 
of the fundamental assumption, and discussion of the 
application of the multipole method to fuselage de- 
sign for low combination wave drag - with special 
reference to an elliptic wing-body combination. 


LIFT, DRAG, AND PITCHING-MOMENT CHAR- 
ACTERISTICS OF AGARD CALIBRATION MODELS 
A AND B AT MACH NUMBERS 3.98 AND 4.98. 

C. J. Schueler. USAF AEDC TN 57-9 [AD 123507], 
May, 1957. 29 pp. Wind-tunnel tests on Model A 
over a Reynolds Number range from 1.4 x to 

6.8 x 106, and on Model B over a range from 1.0 x 
10° to 4.6 x 10°, based on body length. Data for 
Model A indicate that the lift-curve slope at zero 
lift is greater at Mach Number 4, 98, and that, at 
each Mach Number and zero lift, the drag coeffi- 
cients vary as the Reynolds Number increases; the 
total and forebody drag decreases slightly in the 
low Reynolds Number range and then increases in 
the high range; and the base drag increases, level- 
ing off at Mach Number 3.98 above Reynolds Num- 
ber 3.5x 10, For Model B, the forebody and base- 
drag coefficients at each Mach Number varies with 
Reynolds Number in a way predicted by the Crocco- 
Lees theory. 


TYPES OF SEPARATION VORTEX ON SWEPT 
WINGS. Akira Mitsuyasu and Masanori Hayashi. 
J. Japan Soc. Aero. Eng., May, 1957, pp. 1-5. In 
Japanese. Investigation of the growth of vortex 
patterns on various swept wings by using tufting, 
oil-film, and smoking techniques. The location of 
the part-span vortex relative to that of the broken 
band of oil black on the wing surface is confirmed: 
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with an increase in incidence it tends to move in- 
wards; with a greater increase in incidence, a 
secondary part-span vortex is found in an inner re- 
gion. The existence of a trailing-edge separation 
vortex is confirmed at considerable incidence, but 
is found not to extend over the whole span. 


THIN AIRFOIL THEORY BASED ON APPROXI- 
MATE SOLUTION OF THE TRANSONIC FLOW 
EQUATION. J. R. Spreiter and A. Y. Alksne. 

US, NACA TN 3970, May, 1957. 82 pp. 5l-refs. 
Derivation of a method for the approximate solution 
of the nonlinear equations of transonic small-dis- 
turbance theory. Although the solutions are non- 
linear, the results are obtained in closed analytic 
form for a large and significant class of nonlifting 
airfoils. Application to two-dimensional flows with 
a free-stream Mach Number near 1 leads to gen- 
eral expressions for the determination of the pres- 
sure distribution on an airfoil of specified geometry, 
and gives the correct variation of pressure with 
Mach Number for the shape of an airfoil having a ~ 
prescribed pressure distribution. For flows that 
are subsonic everywhere, the method yields a pres- 
sure-correction formula that is more accurate than 
the Prandtl-Glauert rule. For flows supersonic 
everywhere, the method yields the equivalent, in 
transonic approximation, of simple wave theory. 


ON THE WAVE DRAG OF WING-BODY COMBI- 
NATION MOVING AT SUPERSONIC SPEEDS. Ryu- 
ma Kawamura and Keiichi Karashima. J. Japan 
Soc. Aero. Eng., Apr., 1957, pp. 1-7. Theoreti- 
cal investigation using linearized small-perturba- 
tion theory to find the potential functions due to the 
body and to the wing, respectively, by source dis-~ 
tributions on the body axis and the wing plane. The 
interference-potential is determined such that the 
boundary conditions are satisfied on the wing plane 
and on the symmetry plane. A general expression 
for the wave drag of zero-lift wing-body combina- 
tions is derived in terms of the thickness distribu- 
tion of the wing and the sectional area distribution 
of the body. A numerical calculation is carried 
out for a cone cylinder with a low-aspect-ratio 
delta wing. 


A NOTE ON THE WAVE DRAG OF THE WING 
OF A RECTANGULAR WING AND BODY COMBINA- 
TION. L. M. Sheppard. Gt. Brit., RAE TN Aero. 
2494, Jan., 1957. 8 pp. Derivation of a simple 
relationship between the zero-lift wave drag on an 
exposed wing and the wave drag of the portion of 
the gross wing blanketed by the body. Both are 
evaluated by ignoring the interference of other parts 
of the combination. The result is valid only when 
the tip Mach cones of the wing lie downstream from 
the blanketed wing. An example is presented for 
the case of wings with double-wedge section, the 
maximum thickness being midchord. 


AEROELASTICITY 


A METHOD OF CALCULATING THE SHORT- 
PERIOD LONGITUDINAL STABILITY DERIVA- 
TIVES OF A WING IN LINEARISED UNSTEADY 
COMPRESSIBLE FLOW. Appendix I, II - SMALL 
FREQUENCY OSCILLATIONS IN SUBSONIC FLOW. 
Appendix III - SUPERSONIC FLOW. Appendix IV - 


SOME MATHEMATICAL AIDS. K. W. Mangler. 
Gt. Brit., ARC K&M 2924, 1957. 36 pp. 38 refs. 
BIS, New York, $1.89. Analytical technique for 
finding the pressure distribution and the aerody- 
namic forces and moments on a wing performing 
harmonic pitching and heaving oscillations. The 
calculation, which is based on the assumption of 
inviscid potential flow without shock waves, applies 
to all Mach Numbers and is restricted to small 
incidence and to small values of reduced frequency. 
The method is easiest for M = 1 and results of a 
calculation for delta wings in this region indicate 
that the short-period oscillation near M = 1 will be 
unstable. 


THE EFFECT OF AMPLITUDE ON THE TOR- 
SIONAL VIBRATIONS OF SOLID WINGS SUBJECTED 
TO AERODYNAMIC HEATING. Josef Singer. J. 
Aero. Sci., Aug., 1957, pp. 620-622. WADC- 
sponsored analysis using the Rayleigh-Ritz method 
in which the maximum potential energy is equated 
to the maximum kinetic energy for harmonic vibra-~ 
tions, yielding an expression for the angular fre- 
quency in terms of amplitude. An explicit expres- 
sion is obtained for the relative frequency for any 
given temperature distribution and initial amplitude 
of vibration. A typical example is worked out to 
indicate the significance of the alleviating effect of 
the initial amplitude. 


EXPERIMENTAL INFLUENCE COEFFICIENTS 
AND VIBRATION MODES OF A BUILT-UP 45° 
DELTA-WING SPECIMEN. Appendix - LEAST- 
SQUARE CORRECTION FOR ROLL. E. E. Kordes, 
E. T. Kruszewski, and D. J. Weidman. US,NACA 
TN 3999, May, 1957. 4l pp. Presentation of sym- 
metrical and antisymmetrical static influence coef- 
ficients obtained on a three-point support, and of 
the first ten vibration modes and frequencies de- 
termined for an essentially free-free condition. 
Includes a detailed description of the structural 
properties of the specimen. 


CALCUL DES FORMES ET FREQUENCES 
PROPRES D'UNE AILE DELTA MONTEE SUR UN 
AVION LIBRE DANS L'ESPACE A PARTIR DE 
COEFFICIENTS D'INFLUENCE MESURES AU MUR 
D'ESSAI. R. Kappus and D. Clerc. La Recherche 
Aéronautique, Mar.-Apr., 1957, pp. 37-40. In 
French. Calculation of shapes and natural frequen- 
cies of a delta wing mounted on an aircraft free in 
space in terms of influence coefficients measured 
on the test wall. The application of the systemati- 
zation method is illustrated and it is shown that in 
the case of a not too rigid fuselage this flexibility 
should be taken into account by introducing sup- 
plementary data in order to avoid considerable 
deviation. 

ON PANEL FLUTTER. Y. C. Fung. IAS Natl. 
Summer Meeting, Los Angeles, June 17--20, 1957, 
Preprint 749. 33 pp. 32 refs. Members, $0.75; 
nonmembers, $1.20. Theoretical and experimental 
investigation of large-amplitude flutter on a buckled 
plate two-dimensional flow. It is shown that an 
increase in the initial deviation from flatness raises 
the critical value of the reduced velocity. The 
static pressure differential across the plate has 
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very little effect on the critical reduced velocity if 
the differential is small, but becomes very effective 
in preventing flutter when the pressure differential 
is sufficiently large. Experiments show that the 
panel flutter in transonic and low-supersonic flow 
is essentially one of a single degree of freedom. 
For a plate of given thickness in a flow of given “ 
stagnation pressure, flutter first occurs at a criti- 
cal Mach Number, and then may disappear at a 
higher Mach Number; the region of Mach Number 
in which flutter occurs decreases with increasing 
plate thickness. Galerkin's method is found ap- 
plicable by comparing it to a solution using the 
Laplace transform method, as outlined by Goland 
and Luke. 


FLUTTER OF CURVED PLATES WITH EDGE 
COMPRESSION IN SUPERSONIC FLOW. Y. C. 
Fung. (Midwest Conf. Fluid & Solid Mech., Ann 
Arbor, Apr. 1, 2, 1957.) GALCIT Rep. 5 (AFOSR 
TN 57-187), Apr., 1957. 32 pp. 12 refs. Calcula- 
tion of the effects of initial curvature and of a static 
pressure differential across the plate in order to 
explain a significant discrepancy between previous 
theory and experiments on the large-amplitude 
flutter of buckled plates in a supersonic flow. Re- 
sults, which are applicable to plates of infinite as- 
pect ratio and to the simulated wind-tunnel experi- 
mental conditions, indicate that the critical flutter 
of a buckled plate is sensitive to the mean com- 
pressive load (the so-called ''membrane" stress) 
in the plate, and that the static pressure differen- 
tial across the plate, p, has very little effect on 
the critical reduced velocity when p is small, but 
becomes very effective in preventing flutter when 
p is sufficiently large. 


FLIGHT TEST OF AN AUTOPILOT INSTALLA- 
TION AS A LATERAL GUST ALLEVIATOR IN A 
PT-26 AIRPLANE. Appendix A - LATERAL STA- 
BILITY CHARACTERISTICS OF PT-26 AIRPLANE 
WITH AND WITHOUT ALLEVIATOR INSTALLA- 
TION. Appendix B - DISCUSSION OF ATMOS- 
PHERIC TURBULENCE EXISTING DURING DATA 
FLIGHTS. Charles Chalk. USAF WADC TR 55- 
269 (OTS, PB 121244), Mar., 1956. 63 pp. ll refs. 
Investigation of the feasibility of alleviating lateral 
gust effects by using an autopilot plus rate gyros 
to sense angular rates. A special signal-mixer 
circuit is also tested. The system is shown to 
eliminate airplane lateral motions resulting from 
gusts. The signa! mixer permits wide variation 
in magnitude and types of signals to the servos. 


INVESTIGATION AT TRANSONIC SPEEDS OF 
DEFLECTORS AND SPOILERS AS GUST ALLE- 
VIATORS ON A 35° SWEPT WING; TRANSONIC- 
BUMP METHOD. Delwin R. Croom and Jarrett 
K. Huffman. U.S., NACA TN 4006, June, 1957. 
19 pp. Wind-tunnel tests over a Mach Number 
range from 0, 40 to 1.15 and an angle of-attack range 
from -8° up to, and beyond, stall. Gust alleviation 
capabilities (as indicated by the reduction in lift- 
curve slope) are almost constant (approximately a 
20% reduction in lift-curve slope) throughout the 
Mach Number range considered for both the de- 
flector and the spoiler-deflector combination. In- 
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creased drag results from the deflection of these 
controls and indicates that they will also be effec- 
tive as aerodynamic brakes during slow down to 
rough-~air speed. 


AIRPLANE DESIGN 


EQUIPMENT COOLING SYSTEMS FOR AIR- 
CRAFT. II - AIRCRAFT PENALTY METHODS 
AND SYSTEM COMPONENTS CHARACTERISTICS. 
R. H. Zimmerman. USAF WADC TR 54-359, Pt. 
2, Sept., 1954 (May, 1956), 108 pp. 32 refs. Meth- 
ods of evaluating aircraft performance losses from 
the operation of a cooling system, in terms of e- 
quivalent drag, increase in gross weight, reduced 
range, or reduced payload. Simulation methods 
for analyzing equipment items by means of an e- 
quipment component are developed. The physical 
characteristics and performance of coolant distri- 
bution systems are analyzed for constant-velocity, 
constant-pressure-gradient, and constant-diameter 
designs. An analytical representation of cooling 
toad distribution along the header of a distribution 
system is developed and various heat exchangers 
applicable as intermediate components in cooling 
systems are analyzed. 


Control Systems 


ANALYSIS OF AN ELECTRICAL FLIGHT-CON- 
TROL SYSTEM FOR INTERCEPTOR-TYPE AIR- 
CRAFT. E. Price and R. Westerwick. (IAS Natl. 
Summer Meeting, Los Angeles, June 17--20, 1957, 
Preprint 744.) Aero. Eng. Rev., Aug., 1957, pp. 
63-67. Discussion of a developmental program 
which centers around a closed-loop system using 
an airplane rate feedback. A cockpit test stand is 
built with one rotational degree of freedom to simu- 
late pitching motion. Two types of stick configura- 
tions are evaluated - one that provides control to 
the airplane by electric signals only, and one that 
utilizes the mechanical control stick and obtains 
electrical control signals by suitable force trans- 
ducers on the stick. Reliability studies lead to 
improvements made by paralleling circuits with a 
monitor for each circuit, and by underrating the 
components (powerwise). Two reliable circuits are 
described and compared. 


Landing Gear 


SOME CONSIDERATIONS OF HYSTERESIS EF- 
FECTS ON TIRE MOTION AND WHEEL SHIMMY. 
Appendix A - EQUATIONS OF MOTION AND STA- 
BILITY CONDITIONS FOR A SIMPLE CASE OF 
WHEEL SHIMMY. Appendix B - DETERMINA- 
TION OF HYSTERESIS CONSTANTS FROM FREE- 
VIBRATION TESTS. Appendix C - CONSTANTS 
FOR CALCULATIONS. R. F. Smiley. US, NACA 
TN 4001, June, 1957. 45 pp. 10 refs. Theoretical 
investigation to provide an improved representa- 
tion of tire hysteresis forces and moments for use 
in the analysis of tire-motion problems - particu- 
larly for wheel shimmy - and to illustrate the im- 
portance of hysteresis effects for a simple case of 
wheel shimmy. Smiley's linearized theory for tire 
motion and wheel shimmy is extended to account 
for the effects of rolling velocity and interaction be- 
tween tire lateral distortion and twist on the hyster- 


J 
I 
I 
] 
t 
t 
( 


esis 
the 
esis 
the 
for 
or t 
the | 
whe 
abou 
AND 
and 
July 
wav' 
conr 
half 
eacl 
ing 
Spo: 
var 
cad 
Des 
cor 
cor 
sul, 
Mi 
M( 
Al 
36 
cr 
2 ve 
cc 
na 
ot 
of 
th 
bi 
ig 
tl 
3 


INTERNATIONAL AERONAUTICAL ABSTRACTS 


esis forces and moments. The concepts on which 
the analysis is based are outlined and the hyster- 
esis equations developed are applied to two cases: 
the general shimmying motion of an untilted wheel 
for conditions where the wavelength of any lateral 
or torsional oscillation is large in comparison with 
the tire dimensions, and wheel shimmy where the 
wheel has only one degree of freedom - rotation 
about an inclined swivel. 

ELECTRONICS 

Amplifiers 


123 


pitch angle, angle of attack, and airspeed. It is 
concluded that airspeed control is the best method. 


FUELS & LUBRICANTS 
PRELIMINARY PHOTOELASTIC DESIGN DATA 
FOR STRESSES IN ROCKET GRAINS. D. D. Or- 
dahl and M. L. Williams. (ARS llth Annual Meet- 
ing, New York, Nov. 26--29, 1956.) Jet Propul- 
sion, June, 1957, pp. 657-662. Experimental in- 


vestigation to find the quantitative relationships be- 


tween the various parameters of grain geometry 
and the elastic stress distribution in the propellant, 


DESIGN METHODS FOR MAGNETIC AMPLIFIERS in order to establish a systematic approach to the 


AND SATURABLE REACTORS. James R. Walker 


and Max Frank. USAF WADC TR 56-281 [AD 110431], 


July 31, 1956. 592 pp. 30 refs. Discussion of full 


problem of designing an internal-burning, star- 
perforated, propellant grain configuration that 
maintains the stress-concentration factor at a mini- 


wave circuits of the center-tap, doubler, and bridge ™um™ practical value to achieve the maximum re- 


connections, in addition to some of the more recent 
half-wave circuits. The theory of operation for 
each of the various circuits is considered, describ- 


normal service life. 


sistance to the various mechanical and thermal 
stresses the grain may undergo during the rocket's 
Engineering design charts are 


ing the function of the core and rectifier components Presented showing the maximum stress developed 


and the effects of their properties on amplifier re- 
sponse. The problems of stability resulting froma 


variance of environmental factors, amplifiers in cas- 


cade, and various types of loads together with some 
of the techniques of compensation are also studied. 
Designs with core configurations of toroids, U la- 
minations, and C cores are described. Magnetic 
cores, rectifiers, wires, insulations, and encap- 
sulation and potting materials are treated, 


Magnetic Devices 


FERROELECTRIC DEVICES. Appendix I - RAW 
MATERIALS EMPLOYED IN PREPARING DIELEC- 
TRIC MATERIALS. Appendix II - SECOND HAR- 
MONIC DIELECTRIC AMPLIFIER THEORETICAL 
ANALYSIS. Eugene Wainer. USAF WADC TR 56- 
362 [AD 97124], Dec., 1956. 130 pp. Investigation 
to evolve miniature devices for use in military air- 
craft especially under conditions of broad tempera- 
ture ranges, i.e., from 65° to 250° C.; and to de- 
velop new and improved ferromagnetic materials for 
this purpose. Three practical devices are designed, 
constructed, and evaluated, and indications of the 
nature of the design are inferred for at least three 
other novel and useful compact ferroelectric units. 
Extensive measurements are presented for samples 
of a cadmium niobate/ sodium-niobate combination, 
the ferroelectric material which most nearly exhi- 
bits the desired characteristics, particularly non- 
linearity over an extended temperature range. Re- 
sults indicate that the principal effect of impurities 
is modification of the dielectric constant, and that 
the nonlinearity is some linear function of the di- 
electric constant. 


FLIGHT OPERATING PROBLEMS 


SIMULATION STUDY OF CONTROL OF AN 
AIRCRAFT AT OR NEAR THE ABSOLUTE CEIL- 
ING. A. C. Robinson, J. W. Early, and B. J. 
Doody. USAF WADC TR 56-39 (OTS PB 121459), 
Mar., 1956. 46 pp. Development of dynamic equa- 
tions of motion for the airframe, and evaluation of 
the dynamic and static characteristics of four types 
of controls for maintaining an aircraft at absolute 
ceiling. The control types studied include altitude, 


as a function of the number of slots, the width of 
the slot, the wall thickness, and the shape of the 
star point. These charts can be used to determine 
the maximum stress developed in any prescribed 
configuration within the family investigated, pro- 


vided the propellant properties are in the elastic 


range. 
ICE FORMATION & PREVENTION 


ICE CRYSTALS - A NEW ICING HAZARD. O. 
R. Ballard and B. Quan. CAI Annual Gen. Meet- 
ing, Ottawa, May 27, 28, 1957, Preprint 7/ll. 12 
pp. Members, $0.50; nonmembers, $1.00. Dis- 
cussion of the nature of ice-crystal clouds and of 
crystal ice formation on anti-icing systems de- 
signed for supercooled droplet icing. Various 
methods of simulating icing conditions are reviewed 
and those used at the NRC for full gas-turbine tests 
are described. Study points out the importance of 
ice-detection systems which distinguish between 
supercooled and ice-crystal clouds. 


SOME ASPECTS OF HELICOPTER ICING. J. 
R. Stallabrass. CAI Annual Gen. Meeting, Ottawa, 
May 27, 28, 1957, Preprint 7/9. 18 pp. Members, 
$0.50; nonmembers, $1.00. Discussion of the re- 
quirements for an icing-protection system and of 
the NRC's approach to the problem; description of 
the special spray rig constructed for the in-flight 
study of the phenomenon and for the testing of pro- 
tective systems; consideration of rotor-blade icing 
effects on helicopter performance and handling, 
and of design problems associated with items other 
than primary Jifting surfaces; and review of protec- 
tion methods with particular emphasis on electrical 
methods. 


MATERIALS 


A REVIEW OF THE AIR FORCE MATERIALS 
RESEARCH AND DEVELOPMENT PROGRAM. 
Helen E. Hines and Ruth F. Walden. USAF WADC 
TR 53-373, Suppl. 3 [AD 110468], Oct., 1956. 90 pp. 
Summary of 145 technical reports and notes written 
during the period July 1, 1955 to June 30, 1956 and 
covering research into adhesives, metallurgy, an- 
alysis and measurement, biochemistry, textiles, 
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petroleum products, plastics, packaging, protective 
treatments and rubber. Includes contractor, in- 
vestigator, and numerical indexes of all the tech- 
nical reports issued during the period March, 1923 
to June, 1956. 


Metals & Alloys 


STRUCTURAL MATERIALS FOR MISSILE AP- 
PLICATIONS AT VERY HIGH TEMPERATURES. 
J. R. Kattus. (ARS llth Annual Meeting, New York, 
Nov. 26--29, 1956.) Jet Propulsion, June, 1957, pp. 
644-649. Experimental determination of the short- 
time tensile, creep, and fracture properties of cop- 
per, iron, molybdenum, tantalum, and graphite at 
temperatures up to the melting points of the metals 
and up to 5,200°F. for the graphite. Results indi- 
cate that, for periods of time up to five minutes, 
the load-carrying abilities of tantalum and molybde- 
num exceed those of iron and copper at equal tem- 
peratures; that, although tantalum and molybde- 
num have appreciable strength in the temperature 
range 4,000° to 5,000°F., their service lives are 
limited because they are rapidly oxidized at these 
temperatures; and that graphite has relatively low 
strength at room temperature but it retains this 
strength with increasing temperatures up to 4,400°F, 
and higher, and is oxidized at a much slower rate 
than tantalum and molybdenum. 


THE SELECTION OF STRUCTURAL MATERI- 
ALS FOR SUPERSONIC FLIGHT. D. D. Cox. IAS 
Natl. Summer Meeting, Los Angeles, June 17--20, 
1957, Preprint 731. 14 pp. Members, $0.50; non- 
members, $0.85. Discussion of structural efficien- 
cy considerations for materials in an aircraft 
designed to fly in a given thermal environment. 
Comparison is made of various steel and titanium 
alloys, and it is shown that the load in the aircraft 
structure may, as the Mach Number increases, 
either increase, decrease, or remain constant, 
depending on the specific configuration and environ- 
ment. It is also shown that the load-temperature 
relationship may be just as important as the 
strength/weight-temperature relationship in the 
determination of the structural material. Based on 
the material properties and the load variations as 
presented, titanium alloys show a considerable 
weight advantage over steel alloys for a broad range 
of temperatures and designs. 


Metais & Alloys, Nonferrous 


STUDIES OF FACTORS AFFECTING THERMAL 
STABILITY OF TITANIUM-BASE ALLOYS. F. CG. 
Holden, H. R. Ogden, and R. I. Jaffee. USAF 
WADC TR 56-597 [AD 110748], Feb., 1957. 56 pp. 
Investigation to determine how thermal! stability is 
affected by heat treatment, alloy composition and 
the introduction of strain. Thermal stability for 
MST-6A1-4V, Ti-155A, and C-130AM is good for 
heat-treatment conditions under creep exposure 
tests through 800°F. Some loss of ductility is ob- 
served in Ti-155A and C-130AM alloys fabricated 
in the beta field and annealed in the alpha-beta 
field. Substitutions of various beta stabilizers in 
a Ti-5Cr-5Mo alloy are made. Active eutectoid 
formers - nickel, copper, and chromium - are 
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shown to be detrimental; thermal stability is im- 
proved by substitutions of manganese or molybde- 
num and by aluminuin additions. Small amounts of 
strain have no significant effect. 


MATHEMATICS 


METRISABLE LIE GROUPS AND ALGEBRAS. 
S-T. Tsou and A. G. Walker. Proc. Royal Soc. 
(Edinburgh), Sect. A, 1955-57, pp. 290-304. Dis- 
cussion of invariant tensor fields on a Lie group 
manifold. It is shown that their determination re- 
duces to a purely algebraic problem connected with 
associated Lie algebra. A metrizable Lie algebra 
is defined, a number of decomposition and existence 
theorems are given, and it is shown that every met- 
rizable algebra is the product of an abelian algebra 
and a number of nondecomposable reduced algebras. 
Examination of the number of independent metrics 
admitted by a metrizable algebra reveals that the 
metric is unique only when the complex extension 
of the algebra is simple. 


ON A GENERALIZED DIRICHLET PROBLEM 
FOR PLURISUBHARMONIC FUNCTIONS AND 
PSEUDO-CONVEX DOMAINS; CHARACTERIZA- 
TION OF Sf[LOV BOUNDARIES. H. J. Bremermann. 
Inst. Advanced Study, Princeton, N. J., Rep. 
(AFOSR TN 57-178) [AD 126473], Apr., 1957. 49 
pp. 25 refs. Extension, from one to several com- 
plex variables, of the Perron-Caratheodory meth- 
od for finding a harmonic function assuming given 
values on the boundary of a domain. A plurisub- 
harmonic solution is derived which is closely con- 
nected with the envelope of holomorphy of a certain 
domain, can be computed explicitly, and, together 
with the corresponding plurisuperharmonic solu- 
tion, provides an estimate for the variation of the 
harmonic solution (of 2n real variables) and solu- 
tions of similar differential operators under holo- 
morphic transformations. 


IMPROVED APPROXIMATIONS TO DIFFER- 
ENTIAL EQUATIONS BY DIFFERENCE EQUA- 
TIONS. W. R. Mann, C. L. Bradshaw, and J. G. 
Cox. J. Math. & Phys., Jan., 1957, pp. 408-415. 
OSR-supported method for reducing truncation er- 
ror in a difference equation without introducing dif- 
ferences of higher order, in any one index, than 
the order of the differential equation. 


A NEW PROOF OF THEOREMS OF PERRON AND 
FROBENIUS ON NON-NEGATIVE MATRICES. Al- 
fred Brauer. N.C. U., TR 4 (AFOSR TN 56-576) 
[AD 110398], May, 1957. 17 pp. 15 refs. Analysis 
of a theorem which states that a positive matrix has 
a positive characteristic root w which is greater 
than the absolute value of the other roots. The proof 
also gives a single method to compute ©,and a char- 
acteristic vector belonging to w, as exactly as re- 


guired, without determining the characteristic equa- 
tion, 


EIN VERFAHREN ZUR BILDUNG VON MA- 
TRIZANTEN. O. Hellman. ZAMM, Mar.-Apr., 
1957, pp. 139-144. In German. Solutions of dif- 
ferential equations of the first order written in 
matrix form by means of the so-called matrizant. 
By this method the matrix A of the coefficients of 
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the given system of equations is partitioned into 
submatrices in such a way that the submatrices on 
the diagonal are square matrices; the matrizant 
for A is found by using the perturbation theory. 
Application is made to the problem of coupled 
flexural and torsional oscillations. 


MISSILES 


UNIVERSAL GRAVITY TURN TRAJECTORIES. 
Glen J. Culler and Burton D. Fried. J. Appl. Phys., 
June, 1957, pp. 672-676. Development of a method 
for integrating the differential equations of motion 
for gravity-turn trajectories, in the case of zero 
initial velocity. The method obviates the need for 
carrying out anew, for each missile preliminary 
design, computations involving nonlinear equations 
which require numerical integration. When ex- 
pressed in terms of appropriate dimensionless 
variables, the resulting solutions are universal in 
the sense that they constitute a good approximation 
to any gravity turn with a small, nearly vertical, 
initial velocity. The solutions depend upon two 
parameters - the initial-thrust weight ratio and 
a parameter K which corresponds to the initial 
"kick angle" of nonsingular gravity turns. 


NAVIGATION 


PRINCIPLES OF SELF-CONTAINED NAVIGA- 
TION. H. H. Bailey. (LAS Natl. Summer Meeting, 
Los Angeles, June 17--20, 1957, Preprint 736.) 
Aero. Eng. Rev., Aug., 1957, pp. 68-73. Discus- 
sion of methods for providing all the necessary 
navigational equipment aboard the aircraft itself so 
that, in an emergency, it will be completely inde- 
pendent of ground aid. Study covers the basic prin- 
ciples of navigation, fixing methods, dead-reckon- 
ing techniques, and inertial navigation. The basic 


differential equation of all inertial systems is de- 
veloped. 


PHYSICS 


BOUNDARY VALUE PROBLEMS IN KINETIC 
THEORY OF GASES. E. P. Gross, E. A. Jackson, 
and S. Ziering. Annals Phys., May, 1957, pp. 
141-167. 17 refs. OSR-supported analysis from the 
viewpoint of kinetic theory, of the state of a gas 
flowing between two parallel plates. Consideration 
is given to the problem of finding a theory validfor 
arbitrary ratios of mean free path to plate distance 
and of plate speed to sound speed. A method of 
solution, which is applicable to the Boltzmann equa- 
tion, is developed for the Bhatnager-Gross-Krook 
kinetic model. Variational principles are stated by 
noting the similarity of the linearized version of 
this theory to the Milne equation of radiative trans- 
fer; a new approach in the low-pressure region is 
indicated for the nonlinear, high-speed case; and 
the relationship to alternative methods is discussed. 


POWER PLANTS 
Jet & Turbine 


SOME ASPECTS OF COMPRESSOR STAGE 
DESIGN. J. F. Louis and J. H. Horlock. Ct. 
Brit., ARC CP 319, 1957. 18 pp. BIS, New York, 
$0.54. Presentation of two approaches to the prob- 
lem of modifying the design and improving the per- 
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formance of a low-hub-tip ratio compressor stage 
at low flow rates. The direct problem of the per- 
formance of given compressor stages is considered 
first and results indicate how the blade sections of 
various designs approach the stall point. Next, a 
method is presented which combines the solutions 
of the indirect and direct problems and which en- 
ables a designer to determine stages satisfying the 
proposed design conditions and to predict their off- 
design performance up to the stalling point. The 
choice of reaction between stages differing in rotor 
and stator pressure-rise distribution is investigated 
in the off-design performance. Actuator-disc theo- 


ry is used throughout to derive the equations of the 
flow. 


AN INVESTIGATION OF THE HIGH ALTERNAT- 
ING STRESSES IN THE BLADES OF AN AXIAL- 
FLOW COMPRESSOR. J. R. Forshaw. Gt. Brit., 
ARC R&M 2988, 1957. 19 pp. BIS, New York, 
$1.08. Experimental study which indicates that 
there is excitation at all speeds of low orders show- 
ing dissimilar flow in different parts of the stage 
and this excitation increases in a critical manner 
at or near stalling incidence indicating a partial 
stall which is localized in parts of the stage. At 
greater incidence the flow deteriorates, the con- 
trast between various parts of the stage is reduced, 
and the level of the alternating stress falls to a 
value slightly higher than that at incidences lower 
than the partial stall. This phenomenon occurs for 
critical operating conditions and is different from 
stalling flutter. Both phenomena could occur in 
the same compressor; the latter would be influenced 
by blade stiffness and could occur over wide ranges 
of operation provided the incidence and mass flow 
are greater than lower boundaries. 


CONTROLLING THE SUPERSONIC TURBOJET. 
de Havilland Gazette, June, 1957, pp. 100-106. 
Analysis of operations in terms of component parts. 
The need for a single-lever control to adjust for 
flight conditions some nine different variables in 
the engine is discussed, and such an automatic 
control is proposed. This system is a closed-loop 
control which senses the error in some measurable 
variable, and then reacts to reduce the error to 
zero. Engine speed is a commonly selected vari- 
able. Afterburner control employs a straightfor- 
ward schedule of fuel supply in proportion to the 
compressor delivering pressure. 


A DESIGN MANUAL FOR REGENERATIVE 
HEAT EXCHANGERS OF THE ROTARY TYPE. 
Appendix A---INFLUENCE OF CURVATURE IN 
DRUM TYPE MATRICES. Appendix B---WORK 
AND THERMAL EFFICIENCY OF AN ACTUAL RE- 
GENERATIVE GAS TURBINE CYCLE. Harold H. 
Sogin and Kamal-Eldin Hassan, USAF WADC TR 
55-13, June, 1956, 107 pp, 31 refs. Develop- 
ment of Hausen's regenerator theory in a form di - 
rectly applicable to the rotary machine, and exam- 
ination of deviations from some of the underlying 
assumptions. A numerical method for calculating 
the performance of unbalanced regenerators is in- 
cluded, but this calculation is not required in ap- 
plying the theory. Pressure-drop and heat-trans- 
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fer data for flame-trap and wire-screen matrices 
are assembled, and the effect of regenerative per- 
formance on the thermodynamic cycle is discussed. 
Includes a sample calculation. 


Rocket 


RELIABILITY CONCEPTS IN ROCKET POWER 
CONTROLS DESIGN. H. L. Coplen, Jr. (ARS lth 
Annual Merting, New York, Nov. 26-29, 1956.) Jet 
Propulsion, June, 1957, pp. 637-640, 643. Discus- 
sion of the principal power-control problems ina 
liquid-propellant rocket. These problems include 
propellant ignition, regulation during the thrust in- 
crease to rated thrust, malfunction detection dur- 
ing the starting transient, thrust control (if re- 
quired), and mixture ratio or propellant-utilization 
control. It is pointed out that the design of a rocket 
power control system must be considered an in- 
separable part of the general engine-system design 
to achieve optimum performance, and that maxi- 
mum reliability can be achieved only by a control 
system having functional simplicity resulting from 
real compatibility of the major engine components 
and the use of all inherent self-controlling elements 
in the system. The elimination of service systems, 
whether electrical, hydraulic, or pneumatic, in 
favor of direct actuation and sequencing from basic 
engine parameters is recommended as an approach 
to basic reliability. Other approaches are also 
endorsed. 


SOME CONSIDERATIONS OF FILM COOLING 
FOR ROCKET MOTORS. M. J. Zucrow and A. R. 
Graham. (ARS Fall Meeting, Buffalo, Sept. 24-26, 
1956.) Jet Propulsion, June, 1957, pp. 650-656. — 
28 refs. ONR-sponsored theoretical and experi- 
mental investigation of a 500-lb.-thrust, 500-psia 
combustion pressure rocket motor using white fum- 
ing nitric acid and jet-engine fuel (JP-4) as the 
propellants. Test data indicate that increasing the 
film-cooled length of a cylindrical section requires 
more than a proportional increase in film-coolant 
flow rate. Graphs are presented for determining 
the actual film-coolant flow rate after calculating 
an ideal rate (proportional to the average film- 
cooled length) when the heat-transfer rate to the 
liquid film is known. Circumferential variations in 
the length of the liquid film are taken into account 
by means of the profile effectiveness which depends 
upon the design of the film-coolant injector and the 
main propellant injector. Includes description of 
a method for estimating the heat transfer to the 
coolant, and experimental data for the loss in spe- 
cific impulse when water is used as the coolant. 


A DIRECT MEASUREMENT TECHNIQUE OF 
DETERMINING ROCKET EXHAUST VELOCITIES. 
L. E. Bollinger and Rudolph Edse. USAF WADC 
TR 56-336 [AD 110500] (OTS PB 121871, $1.00), 
Nov., 1956 (1957). 42 pp. ll refs. Method for 
measuring supersonic gas velocities in which the 
front of a luminous wave is detected by a set of op- 
tical probes employing photomultiplier tubes. Sig- 
nals from these probes are used to trigger an elec- 
tronic 10-mc., six-channel chronograph which indi- 
cates in discrete steps the time required for the 
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luminous wave to pass between any of the seven op- 
tical probes. The system is tested by measuring 
known detonation velocities of gaseous mixtures in 
the neighborhood of 10, 000 ft. /sec. 


ROTATING WING AIRCRAFT 


LONGITUDINAL STABILITY AND CONTROL 
OF THE SINGLE-ROTOR HELICOPTER. Appendix 
I - CALCULATION OF PARAMETERS OF HELI- 
COPTER DERIVATIVES. Appendix II - CALCULA- 
TION OF CONSTANTS IN RESPONSE EQUATIONS. 
Appendix III - MORE EXACT CALCULATION OF 
-AUTO-ROTATION DERIVATIVES. A. R. S. Bram- 
well. Gt. Brit., RAE Rep. Navall, Jan., 1957. 
88 pp. 19 refs. Presentation and reduction to non- 
dimensional form of the relevant equations of mo- 
tion. Static and maneuvering stabilities are intro- 
duced in a manner analogous to fixed-wing aircraft 
practice, and it is shown that the static stability of 
the helicopter is proportional to the coefficient E 
in the stability quartic, while the maneuvering 
qualities are represented by coefficient C. The 
NACA divergence requirement is expressed in 
terms of the short-period motion. The force and 
moment derivatives for a single-rotor helicopter 
(including tailplane, if required) are given as sim- 
ple formulas or in chart form, and comparisons 
are made with wind-tunnel and flight-test data 
wherever possible. 


SPACE TRAVEL 


NEKOTORYE VOPROSY DINAMIKI POLETA K 
LUNE. V. A. Egorov. AN SSSR Dokl., Mar. l, 
1957, pp. 46-49. In Russian. Discussion of dy- 
namics of the flight to the moon, including such 
problems as the necessary speed, trajectory shape, 
orbit around the moon, and landing on the moon. 


ON THE POWERED FLIGHT TRAJECTORY OF 
AN EARTH SATELLITE. B. D. Fried. Jet Pro- 
pulsion, June, 1957, pp. 641-643. Theoretical in- 
vestigation of the problem of programing the tra- 
jectory. A point-mass missile moving in a uni- 
form gravitational field, with aerodynamic forces 
neglected, is considered in order to obtain the opti- 
mum trajectory by making the tangent of the angle 
yw between the thrust vector and the horizontal a 
linear function of time. Result is valid for arbi- 
trary time dependence of thrust and mass, includ- 
ing the discontinuities corresponding to staging. It 
is shown, moreover, that a linear time dependence 
is again obtained for tan w by replacing orbit alti- 
tude with some other function of burnout altitude 
and velocity vector, and by looking for a stationary 
solution. Explicit expressions for velocity and alti- 
tude with this type of thrust-attitude program are 
given for the particular case of constant thrust and 
mass-flow rate. 


STRUCTURES 
Bars & Rods 


BENDING STRENGTH OF TUBING IN THE PLAS- 
TIC RANGE, Clifford S. Ades. J. Aero. Sci., 
Aug., 1957, pp. 605-610. 13 refs. Presentation of 
a method for determining the total work of a bent 
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and deformed tube subjected to stresses in the plas- 


tic range. By using the principle of least work, it 
is shown that it is possible to determine the shape 
of the cross section of the tube as a function of its 
longitudinal curvature and also, after the shape is 
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INFLUENCE COEFFICIENTS FOR CIRCULAR 
CYLINDRICAL SHELLS WITH LINEARLY VARY- 
ING WALL THICKNESS. M. B. Sledd. GIT Eng. 
Exper. Sta. Rep. 2 (AFOSR TN 57-196) [AD 126491], 


Apr. 10, 1957. 22 pp. 12 refs. Analysis of a thin- 


found, te determine the bending moment carried by walled, elastic, right circular cylinder loaded on 
the tube. With this bending moment available, bend- one edge with a uniformly distributed shearing 


ing modulus-of-rupture charts for round tubing are 


force Hz and a bending moment Mz, and with the 


constructed which appear to agree well with experi- other edge free. For purposes of subsequent com- 


mental results. 


Beams & Columns 


parison, expressions are recorded for the influence 
coefficients of the shell with constant wall thickness 
and semi-infinite axial length, and for a shell with 


ELASTO-PLASTIC BENDING OF A BEAM UNDER constant wall thickness and finite axis length. Con- 


PLANE STRAIN CONDITIONS. Y. V. G. Acharya. 
J. Aero. Soc. India, Feb., 1957, pp.8-13. Inves- 
tigation of bending in a beam, having a rectangular 


sideration is then given to expressions for varying 
thickness, including the following: radial displace- 
ment, rotation, horizontal stress resultant, and 


transverse section, under the action of a pure couple.bending moment - all as functions of axial distance. 


It is shown that the application of von Mises! hypo- 
thesis yields a higher resisting moment than would 
be obtained by using Tresca's assumptions. Num- 
erical values of moment coefficients have been de- 
rived using both hypotheses and including the effects 
of two distinct yield limits, as well as Poisson's ef- 
fect. A comparative coefficient p,which gives the 
ratio of the moment coefficient obtained by using 

the two hypotheses, is also evaluated. 


Cylinders & Shells 


SECOND-ORDER TORSION AND BENDING OF 
ISOTROPIC ELASTIC CYLINDERS. W. S. Black- 
burn and A. E. Green. Proc. Royal Soc. (Lon- 
don), Ser. A, June ll, 1957, pp. 408-422, Reduc- 
tion of the solution for the second-order torsion of 
a cylinder of compressible isotropic material to a 
single boundary-value problem involving two com- 
plex potential functions. Without solving this prob- 
lem, a formula for the fractional elongation of the 
cylinder is obtained in agreement with that found 


These expressions are used to obtain coefficients 
for a shell loaded along its thicker edge. The re- 
sults are expressed in terms of Kelvin functions, 
and compared graphically with those previously 
recorded for shells of constant thickness. 


AN ELASTIC CIRCULAR RING SUBJECTED TO 
AN ARBITRARY LOAD. F. Szelagowski. Bul. 
Acad. Polonaise Sci. (Warsaw), No. 2, 1957, pp. 
67-75. Theoretical investigation to determine the 
stresses and displacements at any point of the ring. 
Relations are established between the value of the 
holomorphic function f (z) at any point of the annu- 
lar region and the value of the real and imaginary 
part of that function on the outer circle of radius 
R and on the inner circle of radius The method 
developed is additionally applicable for solving 
similar problems concerning doubly connected re- 


gions which can be mapped conformally into a cir- 
cular ring. 


A DERIVATION OF THE EQUATIONS OF SHELL 


previously by Rivlin. The problem of second-order THEORY FOR GENERAL ORTHOGONAL COORDI- 


bending of such a cylinder by couples over its plane 


ends is also reduced to the solution of a single bound-Math. & Phys., Jan., 1957, pp. 351-358. 


ary-value problem for two complex potential func- 

tions. A general formula is found for the change in 
length of the line of centroids and an application is 

made to right circular cylinders. 


WYBOCZENIE KOPUZL KULISTYCH W SWIETLE 
BADAN MODELOWYCH. Aleksander Lisowski. 
Rozprawy Inzynierskie (Warsaw), No. 1, 1957, pp. 
97-116. In Polish, with summaries in English and 
Russian. Method for determining the buckling 
modes of a shell and the value of the critical load. 
On the basis of model tests, the buckling mode is 
assumed to be the same type as the deflection sur- 
face due to the action of a concentrated force. It is 
shown that short cylindrical shells buckle in the 
form of a series of waves characterized by the di- 
mension L along the curvature of the shell. For 
medium and long shells, in which the length of the 
shell is equal to several times its span, the form 
of a half-wave is decisive. For spherical dome, it 
is assumed that the decisive buckling mode is that 
of local stability loss. The range of the wave is 
determined by the radius ro obtained from the 
diagram of deflection of a shell loaded with a con- 
centrated force. 


NATES. J. K. Knowles and Eric Reissner. J. 
ONR- 
supported analysis applying arbitrary orthogonal 
coordinates on the middle surface of a shell to 
avoid the use of oblique space coordinates and the 
notion of stress and strain referred to in such 
oblique coordinates. 


Elasticity & Plasticity 


DEFORMATION ENERGY AND THE STRESS- 
STRAIN RELATIONS FOR ISOTROPIC MATERIALS. 
T. Y. Thomas. J. Math. & Phys., Jan., 1957, pp. 
335-350. Analysis to determine under what condi- 
tions the energy E of an isotropic medium will be 
a scalar invariant of a symmetric stress tensor ¢ 
the strain tensor ¢€ , and the density p. 


AN EXPERIMENTAL INVESTIGATION OF THE 
YIELD CRITERION AND THE STRESS-STRAIN 
LAW. G. Lianis andH. Ford. J. Mech. & Phys. 
Solids, No. 3, 1957, pp. 215-222. Application of 
notched strips loaded in tension under conditions of 
plane stress to verify the yield stress and stress- 
strain law in the plastic region. A new method to 
obtain ideally plastic material is employed. The 
experimental results compare favorably with the 
von Mises criterion and the Prandtl-Reuss flow rule. 
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MATERIALS-PROPERTY-DESIGN CRITERIA 
FOR METALS. IV - ELASTIC MODULI: THEIR 
DETERMINATION AND LIMITS OF APPLICATION.. 
S. A. Gordon, R. Simon, and W. P. Achbach. 
USAF WADC TR 55-150, Pt. 4 [AD 110475], Oct., 
1956. 18 pp. Study of the modulus of elasticity, 
for several materials at elevated temperatures, 
as it is derived from the conventional stress-strain 
curve and as it is derived from the determination 
of the velocity of propagation of elastic waves. The 
two methods give modulus values which agree close- 
ly in regions of low stress and where time effects 
are unimportant. At higher stress levels the dy- 
namic modulus is higher than the statically deter- 
mined modulus. 


ON THE PROBLEM OF UNIQUENESS IN THE 
THEORY OF A RIGID-PLASTIC SOLID. I. R. Hill. 
J. Mech. & Phys. Solids, No. 3, 1957, pp. 153-161. 
Analysis of the boundary-value problem when there 
is no restriction on geometry changes within the 
solid. It is supposed that the change in the load 
vector on each infinitesimal element of the surface 
Sp is assigned irrespective of the change in its 
area, and by this method the rate of change of the 
nominal traction, based on the configuration at the 
initial instant, is given. A sufficient condition for 
uniqueness is then established under quite general 
loading conditions. A method is presented for 
determining in any given situation a critical rate 
of workhardening above which the mode is certainly 
unique and below which it probably is not. 


ELASTIC WAVES IN ANISOTROPIC MEDIA. J. 
L. Synge. J. Math. & Phys., Jan., 1957, pp. 323- 
334. OSR-supported study of some known results 
set down in tensor notation, and development of 
some new general results for waves in a layer of 
anisotropic material. A generalization of Rayleigh 
waves exists at the limit at which the layer becomes 
a half-space, and it is found tha4 for a given fre- 


quency the surface waves either do not exist at all, 


or are propagated in certain discrete directions 
with certain speeds. Some calculations are made 
for a medium possessing transverse isotropy, and 
it is shown that the slowness surface (or, equiva- 
lently, the wave surface) possesses a spheroidal 
sheet. 


LE CALCUL DES VARIATIONS EN ELASTICITE; 
APPLICATIONS - FLAMBAGE DES SURFACES. 
B. Dorléac. Docaéro, May, 1957, pp. 35-50. In 
French. Presentation of a method to calculate the 
variations of elasticity and evaluation of the method 
in terms of its advantages and limitations. The ap- 
plication entails a direct approach involving the 
calculation of large apertures and an indirect ap- 
proach involving determination of buckling condi- 
tions for given thin surfaces. A generalization of 
the Euler equation is included in the calculation. 


VERSCHIEBUNGSFUNKTIONEN FUR ELA- 
STISCHE SCHWINGUNGSPROBLEME. W. Noll. 
ZAMM, Mar.-Apr., 1957, pp. 81-87. In German. 
ONR-supported development in a generalized man- 
ner of the displacement potential of Gelerkin- 
Westergaard and Love's function in such a manner 
that they can be used not only for static problems, 
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but also for vibration problems of linear elasticity. 
It is shown that Love's function exists exactly for 
those problems in which the curl of the displace- 
ment field is parallel to a fixed plane. In order to 
render the method more applicable, displacements 
and stresses are expressed in terms of Love's 
function for general cylindrical and spherical co- 
ordinates. 


THE EFFECTS OF INELASTIC ACTION ON THE 
RESISTANCE TO VARIOUS TYPES OF LOADS OF 
DUCTILE MEMBERS MADE FROM VARIOUS 
CLASSES OF METALS. I - ECCENTRICALLY- 
LOADED TENSION MEMBERS HAVING ANGLE- 
AND T-SECTIONS, O. M. Sidebottom and M. E. 
Clark. Il - INELASTIC BEHAVIOR OF ALUMINUM 
ALLOY I-BEAMS WITH RECTANGULAR WEB SEC- 
TION CUTOUTS, Will J. Worley and Shuji Taira. 
USAF WADC TR 56-330, Pts. I, II [AD 118178, 118- 
185], Apr., 1957. 99; 58 pp. 36 refs. Theoretical 
and experimental investigation to determine the 
load necessary to produce any given depth of yield- 
ing in angle- and T-sections subjected to eccentric 
tensile loading. The load is found analytically from 
the intersection of a constant depth-of-yielding in- 
teraction curve and a moment-load curve. Eccen- 
tric load tests are made on angle- and T-section 
members constructed from various classes of ma- 
terials. The three materials used include SAE 4340 
alloy steel, type 304 stainless steel, and 7075-T6 
aluminum alloy. The angle-section members are 
tested with the principle axes oriented in three dif- 
ferent positions with respect to the loading plane. 

It is found that deviations from the theory can be 
explained by variations in the stress-strain proper- 
ties of the materials. Exploratory tests are made 
on an aluminum I-beam with cutouts. The mecha - 
nism analysis is used to predict the ultimate loads 
and the load deformation. 


Plates 


CERTAIN STABILITY PROBLEMS OF REC- 
TANGULAR PLATES. Witold Nowacki and Marek 
Sokotowski. Arch. Mech. Stosowanej, No. 2, 1957, 
pp. 109-124. Analysis to determine the critical 
loads of rectangular plates simply supported on two 
opposite edges and having different boundary condi- 
tions along the two remaining edges. The method 
used involves the replacement of the differential 
equation of the problem by the equivalent integral 
equation which is, in turn, replaced by an infinite 
system of secular linear equations. (The buckling 
condition is the principal determinant of this system 
set equal to zero.) Then the critical load of the 
plate is directly obtained from the lowest eigen- 
value of the kernel of the integral equation. 


NOSNOSEé GRANICZNA NIEJEDNORODNYCH 
WIRUJACYCH TARCZ KOLOWYCH. Michat 
Zyczkowski. Rozprawy Inzynierskie (Warsaw), No. 
1, 1957, pp. 49-96. 29 refs. In Polish, with sum- 
maries in English and Russian. Analysis to de- 
termine the limit state of nonhomogeneous, vary- 
ing-thickness, rotating disks using two different yield 
conditions - energy of distortion condition and maxi- 
mum shear stress. The considerations are confined 
to the determination of the limit angular velocity and 
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the stress distribution. They retain their validity 
both in the Hencky-LDliushin theory of small elastic- 
plastic deformations, and in the Prandtl-Reuss and 
Levy-Mises theory of plastic flow. 


Testing 


THE EFFECT OF STRESS ON MICROHARDNESS. 
F. H. Vitovec. USAF WADC TR 56-282 [AD 97201], 
Aug., 1956. 22 pp. 20 refs. Investigation of mi- 
crohardness as a function of test load for mild steel 
Armco iron, copper, brass, zinc, and cadmium. 
At light loads a discontinuity of slope in the hard- 
ness-load curve is observed which can be attrib- 
uted to subgrain structure. A tension-compression 
fixture is developed and used to study the effect of 
stress on the microhardness of mild steel, brass, 
and copper specimens. For initially stress-free 
specimens, tensile stress causes a decrease in 
microhardness over a certain range of test load, 
and compressive stress results ina slight increase. 


The effect of stress on microhardness is complicated 


by the discontinous slope in the hardness-load curve 
introduced by subgrain structure effects. 


Thermal Stress 


A SIMPLE MODEL STUDY OF TRANSIENT 
TEMPERATURE AND THERMAL STRESS DISTRI- 
BUTION DUE TO AERODYNAMIC HEATING. Ga- 
briel Isakson. J. Aero. Sci., Aug., 1957, pp. 6l1- 
619. 13 refs. Abridged. Investigation of two cases: 
a) that of convective heat transfer into one side of 
a flat plate,representing a thick skin, and the effect 
of the resulting temperature distribution in inducing 
thermal stresses associated with bending restraint 
at the plate edges; b) that of the wide-flanged I-beam 
with convective heat transfer into the outer faces of 
the flanges. Numerical results are presented for 
the transient temperature differentials in the plate 
and in the beam when the environmental temperature 
first increases linearly with time and then remains 
constant, the period of linear increase representing 
the time of acceleration of the aircraft. 


O RASPREDELENII TEMPERATURY V NEODNO- 
RODNOM STERZHNE PEREMENNOGO SECHENIIA, 
OBTEKAEMOM GAZOM. G. A. Tirskii. Izv. Akad. 
Nauk SSSR, Otd. Tekh. Nauk, Jan., 1957, pp. 70-76. 
In Russian. Study of the stationary problem of tem- 
perature distribution in a rod with arbitrary heat- 
conductivity coefficients along its length, cross sec- 
tion, perameters,and the thermal flow past the rod. 
The obtained solution is to be applied to the calcula- 
tion of the temperature curve on a gas-turbine blade 
with variable cross section in a gas flow with an ar- 
bitrary temperature distribution. 


EFFECTS OF RAPID HEATING ON STRENGTH 
OF AIRFRAME COMPONENTS. R. A. Pride, J. 
B. Hall, Jr., and M. S. Anderson. US, NACA 
TN 4051, June, 1957. 14 pp. Experimental investi- 
gation to determine the influence of aerothermody- 
namic stresses on the bending strength of multiweb 
beams and ring-stiffened cylinders. Results indi- 
cate that thermal stresses reduce the bending load 
carried at buckling by both beams and cylinders. 
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The influence of thermal stress on maximum load 
is found to depend largely on the mode of buckling. 
No effect is observed on the maximum load of 
beams that buckle locally, but a reduction in maxi- 
mum load is noted for cylinders and for beams that 
buckle in the wrinkling mode. Includes some typi- 
cal stress-shortening diagrams and associated 
buckling modes. 


CREEP BEHAVIOR OF CIRCULAR PLATES. 
B. Venkatraman and P. G. Hodge, Jr. Polytech. 
Inst. Bklyn., Dept. Aero. Eng. & Appl. Mech., 
PIBAL Rep. 369 (AFOSR TN 57-135) [AD 120491], 
Mar., 1957. 27 pp. 13 refs. Analysis of creep 
deformations and stress distributions in circular 
plates subjected to normal pressure using a creep 
law based upon a flow rule associated with a maxi- 
mum shearing stress. Steady-state conditions are 
assumed, and closed form solutions for moments 
and creep deformations are presented for simply 
supported and clamped edges. 


THERMAL STRESSES AND THERMAL BUCK- 
LING. Josef Singer, M. Anliker, and S, Lederman, 
USAF WADC TR 57-69 [AD 118287], Apr., 1957. 

109 pp. 12 refs. Derivation, discussion, and gen- 
eralization to include the variable-thickness case, 
of methods available for analyzing thermal stresses 
in flat plates having rectangular plan form and con- 
stant or variable thickness. Recommendations are 
made for practical calculation of the thermal stress- 
es. Includes electromagnetic induction-heater ex- 
periments to verify the thermal buckling theory for 
the coverplates of multicellular supersonic-wing 
structures, 


THERMAL CREEP DESIGN CRITERIA. Robert 
Goldin. LAS Natl. Summer Meeting, Los Angeles, 
June 17--20, 1957, Preprint 730. ll pp. Members, 
$0.35; nonmembers, $0.75. Discussion of the ef- | 
fects of creep on yield strength, ultimate strength, 
fatigue strength, and rigidity. Elevation tempera- 
ture criteria are presented for translating load- 
temperature-life conditions and material property 
into actual cross-sectional area of structural ele- 
ments. 


Wings 


FATIGUE CHARACTERISTICS OF A RIVETED 
24S-T ALUMINIUM ALLOY WING. II - STRESS 
ANALYSIS. M. R. Rice. Australia, ARL Rep. 
SM. 247, Oct., 1956. 27 pp. 12 refs. Experimental 
investigation to determine the stress distribution in 
the critical areas of the P-51D Mustang mainplane. 
The theoretical stress concentration factors at the 
points of initial fatigue failure are estimated ana- 
lytically, and in one case compared with the re- 
sults from a brittle lacquer test. Strain measure- 
ments are made on six wings before and after pre- 
loading to investigate the resulting redistribution of 
stress. The measured and estimated strain distri- 
butions are presented graphically. The estimated 


stress concentration factors are tabulated with the 
corresponding local stresses. 


a 
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THERMODYNAMICS 
Combustion 


FLAME ZONE STUDIES. IV - MICROSTRUC- 
TURE AND MATERIAL TRANSPORT IN A LAMI- 
NAR PROPANE-AIR FLAME FRONT. R. M. 
Fristrom and A. A. Westenberg. Comb. & 
Flame, June, 1957, pp. 217-228. Navy-supported 
presentation of experimental data for a stoichio- 
metric, 1/4 atm., propane-air flame. Data include 
a derived temperature profile and measurements, 
obtained by means of the particle-track technique, 
of velocity normal to the flame front and of stream- 
tube area parallel to the flame front. Alsoincluded 
is a set of sampled composition profiles for all 
stable species present. These profiles are obtained 
with a quartz microprobe and mass spectrometric 
analysis. The total flux due to both convection and 
diffusion is calculated for each species and the 


data are examined in terms of conservation of mass. 


SOME LIMITING OXYGEN CONCENTRATIONS 
FOR DIFFUSION FLAMES IN AIR DILUTED WITH 
NITROGEN. R. F. Simmons and H. G. Wolfhard. 
Comb. & Flame, June, 1957, pp. 155--161. Ex- 
perimental investigation to determine the nitrogen 
concentration required to extinguish the flame re- 
sulting from the burning of fuels at the surface of 
a porous, hemispherical, stainless-steel burner. 
Results are given for a number of fuels in terms 
of the limiting oxygen index, and it is found that 
the values are close to those obtained for premixed 
flames involving the fuel and oxygen in stoichiomet- 
ric proportions. Calculations of the adiabatic flame 
temperature for stoichiometric mixtures with limit- 
ing oxygen index indicate that the limit is primarily 
determined by the flame temperature. 


MIXING AND COMBUSTION IN FREE AND 
ENCLOSED TURBULENT JET DIFFUSION 
FLAMES. P. D. Sunavala, C. Hulse, and M. W. 
Thring. Comb. & Flame, June, 1957, pp. 179- 
193. 2l refs. Consideration of a number of theo- 
retical aspects of both free and enclosed jets, and 
experimental investigation using both isothermal 
and hot jets, with respect to the surrounding air. 


WIND TUNNELS & RESEARCH FACILITIES 


A HIGH STAGNATION TEMPERATURE INTER- 
MITTENT FLOW SUPERSONIC WIND TUNNEL. J. 
L. Harkness. Texas U., DRL No. 406 (AFOSR TN 
57-222) [AD 126520], Mar. ll, 1957. 48 pp. De- 
scription of high-stagnation temperature, intermit- 
tent-flow, supersonic wind tunnel. Each basic 
component of the wind tunnel is given along with 
currently available instrumentation for model test- 
ing. The design and development work on the su- 
personic nozzles is covered in detail, and flow cali- 
bration data using the Mach 5 nozzle are presented. 
Mach Number distributions in the supersonic test 
region are included as well as stagnation tempera- 
ture distributions in the stilling chamber and in the 
supersonic test region. 


THE EFFECTS OF LIQUEFACTION OF AIR ON 
THE PRESSURE DISTRIBUTION AND FORCES ON 
A CONE CYLINDER BOVY 5.0. W. T. 


(128) 


AERONAUTICAL ENGINEERING REVIEW - AUGUST, 1957 


Strike and W. N. MacDermott. USAF AEDC TN 57- 
14 [AD 123509], June, 1957. 44 pp. ll refs. De- 
termination of effects of liquefaction on the nozzle 
calibration as well as on the model pressure distri- 
bution and overall integrated forces. Although the 
experimental data is subject to other effects than 
just liquefaction, it is shown that the phenomenon 
of evaporation of liquid air droplets in crossing 
bow shock waves allows useful aerodynamic data to 
be obtained for a 100°F. range below the onset of 
liquefaction in the ambient flow. 


FIXING BOUNDARY-LAYER TRANSITION ON 
SUPERSONIC WIND-TUNNEL MODELS. Marvin 
Luther. J. Aero Sci., Aug., 1957, pp. 579-586. 
Investigation to study the use of a single element 
and distributed roughness to fix transition, in or- 
der to reduce or eliminate scale effects on models. 
The character of roughnesses which would promote 
transition with minimum collateral effect on the 
flow is determined. Curves are presented showing 
critical roughness height as a function of Mach and 
Reynolds Numbers. Schlieren photographs are also 
presented to show the effect of Reynolds Number, 
roughness height, and angle of attack on the transi- 
tion point. The models used for the study area 


family of cone-ogive-cylinders with a fineness ratio 
of 10.6. 


ON THE CHOICE OF THE WORKING FLUID 
FOR INTERMITTENT SUPERSONIC WIND TUN- 
NELS. G. A. Bird and G. M. Lilley. Coll. of 
Aeronautics, Cranfield, Rep. 112, Jan., 1957. 21 
pp. Discussion of the advantages and disadvantages 
of using a gas other than air in a wind tunnel. It is 
shown that in certain cases an intermittent tunnel 
may be more suitable than a continuous tunnel for 
use with these gases. A number of gases and gas 
mixtures (air, Freon 12, helium, and Freon l2- 
Argon) are compared on the basis of their Reynolds 
Number versus Mach Number characteristics when 
expanded from given stagnation conditions; the limi- 
tations which are imposed on the maximum Mach 
Number by the condensation are calculated. 


THOUGHTS ON SUPERSONIC WIND TUNNELS 
WITH LOW FREE-STREAM DISTURBANCES. M. 
V. Morkovin. Johns Hopkins U., Dep. Aero. Rep. 
(AFOSR TN 56-540) [AD 110359], Nov., 1956. 20pp. 
23 refs. Discussion of disturbances in supersonic 
sections, classified as nonuniformity in the mean 
flow and unsteady disturbances, and principles for 
minimizing these disturbances. It is concluded 
that a large ratio of the settling chamber area to 
the area of the sonic throat decreases effectively 
those mean Mach Number nonuniformities which 
come from upstream of the throat. Care in keeping 
nozzle contours continuously curving without bumps 
or waviness minimizes not only the mean disturb- 
ance wave pattern, but also the unsteady, often 
dominating, sound level from "shivering Mach waves" 
Supersonic turbulence (vorticity fluctuations) is ef- 
fectively suppressed by a large contraction ratio. 
Entropy (temperature) fluctuations can be reduced 
by matching mean temperatures at any duct junc- 
tures and by providing "long passage time" from 
such junctures to the test section. 


oa 


LY 


Bsa 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 


PNEUMATIC SYSTEM 
1. Gas Turbine Compressor Unit 
2. Starter Air Bottle 
3. Starter Shut-off and Control Valve 
4. Line Combustor 
5. Turbo Starter 
6. Empennage Anti-icing or GTC Starting 
Shut-off Valve 
7. load Control Valve 
PRESSURIZATION 
8. Turbo Compressor Shut-off Valve 
9. Turbo Compressor 
10. Turbo Compressor Check Valve 
11. Emergency Pressurization Valve 
12. Cabin Pressure Coniroller 
13. Cabin Outflow Valves 


AIR CONDITIONING 


14. 


15. 
16. 
17. 
18. 
19, 


21. 
22. 


23 
24 


Cabin Air Conditioning and Pressuriza- 
tion Shut-off Valve 

GTC Air Conditioning Shut-off Valve 
Primary Heat Exchanger 

Bootstrap Refrigeration Unit 
Secondary Heat Exchanger 

Primary Heat Exchanger Cooling 

Air Fan 

Secondary Heat Exchanger Cooling 
Air Fan 

Water Separator 

Water Separator Anti-icing Control 
Valve 

Turbine By-pass Valve 

Cabin Hot By-pass Valve 


Complete AiResearch pneumatic, 
pressurization and air conditioning 


25. Cabin Recirculating Fan 

26. Cabin Recirculating Fan Check Valve 

27. Cabin Electric Heater 

28. Flight Station Electric Heater 

29. Flight Station Recirculating Fan 

30. Flight Station Recirculating Fan 
Check Valve 

31. Flight Station Hot By-pass Valve 

32. Auxiliary Ventilation Control Valve 

33. Ground Conditioning Valve 

MISCELLANEOUS 

34. Bleed Air Control Valve 

35. Anti-icing Shut-off and Control Valve 

36. Oil Cooler 

37. Fuel Heater 


All components proved compatible by millions of 


hours of operation with similar type equipment in both piston-powered 


transports and military turbine-powered aircraft 


Outstanding opportunities for qualified engineers 


CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California... Phoenix, Arizona 


Designers and manufacturers of aircraft and missile systems and components: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 
CABIN AIR COMPRESSORS + TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + 


HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 


systems for jet transports’ 
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meter at counting rates up to 100,000 per 
sec. 

Electronic Crowbar Protects Trans- 
mitter. Roger G. Wenner. Electronics, 
June 1, 1957, pp. 174-176. Description 
of a circuit to protect power tubes from 
flash are by instantly removing, in the 
event of a fault, the available energy by 
short circuiting the power supply with a 
device to dissipate the power. 

Standardized Electronic Circuits Can 
Save Industry Money. Joo! Engr., June, 
1957, pp. 99, 100. 


Communications 


The Communications System at Larkhill 
Range. A. Wilson. Gt. Brit., RAE TN 
T.D. 14, Feb., 1957. 8 pp. Description 
of a system which allows conversation 
between a control room and any or all of 
45 remote stations, with good quality and 
adequate volume. 

Radio Propagation Fundamentals. 
Kenneth Bullington. Bell System Tech. 
J., May, 1957, pp. 593-626. 34 refs. 
Summary of radio transmission theory 
and experiment in all frequency bands of 
current interest. Groundwave and sky- 
wave transmission are included, and both 
line-of-sight and beyond-horizon  trans- 
mission are considered. Principal em 
phasis is on quantitative charts useful for 
engineering purposes. 

Where Do We Stand on Data Link. 
James Holahan. Av. Age, May, 1957, 
pp. 104, 105, 106-109 ff. Comparison 
of different types of data-link systems, and 
discussion of problems in selecting a multi- 
plexing method and a radio carrier. 

Data Link Rides on Tacan Signals. 
James Holahan. Av. Age, May, 1957, pp. 
110, 111, 112-119 ff. Development of a 
system which uses Tacan DME signals to 
carry pulse-coded data without disturbing 
Tacan’s navigational features. 


Electronic Tubes 


An Age of Refinement for Special Pur- 
pose Tubes. Harry F. Dart. Westing- 
house Engr., May, 1957, pp. 74-78. 
Discussion of improvements in tube com- 
ponents that have resulted in increased 
power densities, improved performance 
characteristics, and a higher degree of 
reliability. 

The Myriatron; Image Dissector For 
High-Speed Cinematography. G. H. 
Lunn and R. A. Chippendale. Electronic 
© Radio Engr., May, 1957, pp. 156-160. 
16 refs. 

Space Charge Effects in Beam-Type 
Magnetrons. Roy W. Gould. J. Appl. 
Phys., May, 1957, pp. 599-605. 12 refs. 
ONR-supported analysis to derive a 
theory for space-charge effects in beam- 
type magnetron amplifiers and oscillators, 
assuming that the beam is relatively thin 
and the magnetic field large. The theory 
is used to determine the starting conditions 
of an .\/-type backward-wave oscillator. 

The EC 57, A Disc-Seal Microwave 
Triode with L Cathode. G. Diemer, kK. 
Rodenhuis, and J. G. van Wijngaarden. 
Phillips Tech. Rev., May, 1957, pp. 317 
324. Discussion of the design characteris- 
tics of a small triode with emphasis on the 
‘use of the L-cathode. 
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High-Frequency Circuits Use Meltback 
Tetrodes. D. W. Baker. Electronics, 
June 1, 1957, pp. 177-179. Description 
of the design, construction, and evalua- 
tion of a tetrode unit, and discussion of 
applications to pulse-amplifier and oscil- 
lator circuits. 


Noise & Interference 


The Effect of Fading on Communication 
Circuits Subject to Interference. F. E. 
Bond and H. F. Meyer. Proc. TIRE, May, 
1957, pp. 686-642. Analysis of the statis- 
tical performance of radio communication 
circuits in the presence of interference for 
the cases where either the desired or un- 
desired signal or both are subject to Ray- 
leigh fading over the propagation path. 
The significant parameter considered is the 
ratio of mean signal power to mean inter- 
ference power needed at the receiver for 
satisfactory performance 

Interchannel Interference Due to Kly- 
stron Pulling. H. E. Curtis and S. O 
Rice. Bell System Tech. J., May, 1957, 
pp. 645-652. Development of expressions 
for the magnitude of the interference when 
the speech load is simulated by random 
noise. 


Oscillators & Signal Generators 


A Crystal-Controlled Signal Generator 
with an Output of 5W at 937.5 Mc/s. 
M. T. Stockford. Electronic Eng., May, 
1957, pp. 202-205 

Selective A-F Induction Signaling. L. 
E. Philipps. Electronics, June 1, 1957, pp. 
180, 181. Description of a system which 
employs audio frequencies in the range 
from 6,000 to 20,000 eps and can accom- 
modate 175 channels within this range 

A Two-Phase Low-Frequency Oscilla- 
tor. II. E. F. Good. Electronic Eng., 
May, 1957, pp. 210-213 

Phase-Lock A.F.C. Loop; Tracking 
Signals of Varying Frequency. R. Leek. 
Electronic & Radio Engr., May, 1957, pp 
177-188. 

Oscillator Design Techniques Using 
Conductance Curves. Keats A. Pullen, 
Jr. Electronic Des., May, 15, 1957, pp. 
34-36, 37 ff. 

The Retarding-Field Oscillator in the 
Frequency Range 15,000 to 75,000 Mega- 
cycles. E. Milton Boone. USAF WADC 
TR 55 481, Dec., 1955. 69 pp. 27 refs. 
Development of a retarding-field oscillator 
and a comparison of this tube with a reflex 
klystron. 


Radar 


Jamming Figure of Merit for Radar 
Designers. A. Mandell and W. G. Madi- 
son. Electronic Des., May 1, 1957, pp. 
28, 29. Description of a hand calculator 
designed to eliminate slide-rule calculations 
for determining a radar system’s jamming 
figure of merit, expressed in nautical miles 
from the radar station to the jamming 
target. The calculator method is com- 
pared with the original long-hand method. 

Flight Simulator Tests Fire-Control 
Radars. Donald L. DeMyer. Electron- 
ics, June 1, 1957, pp. 168-170. Descrip- 
tion of a portable instrument which uses 
a pulsed klystron operating in the X band 
to provide artificial echo to radar. 
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Resistors 


Research and Development of Nitrides 
of Chromium and Chromium Alloys fo, 
New Film-Type Resistance Elements, 
Earl R. Olson, Edwin H. Layer, Leonarg 
H. Mauk, Joseph O. Morgan, and Charles 
S. Peet. USAF WADC TR 56-87, Mar, 
1956. 56 pp. 15 refs. Presentation of 
all the known data on the processing and 
characteristics of chromium-titanium. 
nitride and chromium-nitride resistors 

The a.c. Properties of Resistors and 
Potential Dividers at Power and Audio 
Frequencies, and Their Measurement, 
G. H. Rayner and L. H. Ford. J. S¢i. 
Instr., May, 1957, pp. 190-196. 11 refs 


Semiconductors 


Theory of Conductivity in Isotropic 
Semiconductors. O. Madelung. (Z. Noa. 
turforsch., No. 9A, 1954, pp. 667-674.) 
Gt. Brit., RAE Lib. Transl. 638, Mar, 
1957. 17 pp. 13 refs. Development of 
the relevant classical theory and deduction 
of the equations for the electrical and ther- 
mal current densities. From these equa- 
tions the coefficients of all galvanometric, 
thermoelectric, and thermomagnetic effects 
are derived and, for small magnetic fields, 
presented in the form of a table applicable 
to degenerate and nondegenerate semicon- 
ductors for specified mechanisms of scat- 
tering. 

Dynamic Methods of Testing Semi- 
Conductor Rectifier Elements and Power 
Diodes. II. A. H. B. Walker and R.G 
Martin. Electronic Eng., May, 1957, 
pp. 220-224. 

The Technique of Measuring the Co- 
efficient of Thermal EMF in Semiconduc- 
tors. G.I. Skanavi and A. M. Kashta- 
nova. Soviet Physics-Tech. Physics, No 
4, 1957, pp. 882-885. Translation 

Determining Transistor Reliability. 
Bernard Reich and Harry V. Wood. 
Electronic Des., May 15, pp. 52, 53-55 ff 
Evaluation of three different types of 
PNP-alloy junction power transistors un- 
der operating and nonoperating conditions 
to indicate a measure of reliability. 

Transistor Relaxation Oscillations. F 
J. Hyde and R. W. Smith. Electronic 
Eng., May, 1957, pp. 234-236. Study 
of circuit operation as a function of tem- 
perature and emitter bias. 

R-F Transistors; Their Characteristics 
and Applications. I. Aerovox Res. Worker, 
Nov.-Dec., 1956. 3 pp. 

Temperature Dependence of Junction 
Transistor Parameters. Wolfgang W. 
Gartner. Proc. IRE, May, 1957, pp 
662-680. 46 refs. Calculation of tem- 
perature variations of transistor character- 
istics for four representative types. The 
results are expressed in terms of four-pole 
parameters and equivalent circuits. 

Perekhodnye Protsessy v Spuskovoi 
Skheme s Poluprovodnikovym Triodom. 
N. I. Brodovich. Avtom. i Telemekh., 
Mar., 1957, pp. 273-279. In Russian 
Study of the transient behavior of 4 
switching circuit using a point-contact 
transistor. 

Thermoelectric Microcoolers. E. k 
lordanishvili and L. S. Stil’bans. Sovtet 
Physics - Tech. Physics, No. 5, 1957, pp. 
928-939. Translation. Experiments on 
the use of thermoelements in microcoolers, 


\ 
N 
4 
4 
¢ | 
3 
— 
KO 
as 
we 
C 
4 
FA 
Uf 
i= 
C= 
= 
th 


trides 
yS for 
nents, 
Onard 
harles 
on of 
§ and 
nium- 
and 
Audio 
ment, 
Sci. 
refs 


ction 

ther- 
equa- 
etric, 
ffects 
elds, 
cable 
Licon- 

scat- 


ower 
R.G 


1957, 


Co- 
iduc- 
shta- 
No 


vility. 
ff 
of 
ull- 
tions 


F 
ron 
tudy 
tem- 


istics 
ker, 


ction 
W 
pp 
tem- 
cter- 
The 


pe le 


lom. 
ekh., 
sian 

fa 


You don’t have 


to shop around... 


A-L Stainless Steel .- 


is produced 


- every form 


You ought to have 
a copy of our 


PUBLICATION LIST 


This 8-page bulletin lists and 
describes all the current pub- 
lications on the principal 
families of A-L Products: 
stainless and heat-resisting 
steels, tool and die steels, 
electrical steels and alloys, 
permanent magnet materials, 
and Carmet carbides. There 
is a handy order form ‘for 
your convenience in getting 
the material you need: tech- 
nical and fabricating data, 
information on applications 
and fields of utility, etc. 
Write for your copy. 


ADDRESS DEPT. AE-92 


ye your stainless steel require- 
ments may be, you can satisfy them 


with A-L Stainless. 

It's produced in any grade, form o 
finish you want—from the finest wire to 
heavy plates, castings and forgings, in- 
cluding sheets, strip, bars, shapes, tubes 
—everything! 

That’s not only handy, but advanta- 
geous: one reliable source, one undivided 
responsibility, one well-known standard 


; you may need 


of quality and uniformity. 

Complete technical and fabricating data 
—engineering help, too—are yours for 
the asking. Just keep it in mind to specify 
“A-L Stainless Steel’ when you're in thie 
market. And remember, wherever you 
use it, this time-tested stainless steel looks 
better, lasts longer, usually works out to 
cost you very much less in the long run. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


wsw eoosa Warehouse stocks carried by all Ryerson Steel plants 
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THE CURTAIN OF FIRE Air protection for whole cities and strategic areas is no longer in the 
“talking” stage. It is now being installed—a combination of the deadly fire of NIKE anti-aircraft weapon batteries 
and the U.S. Army Signal Corps’ new Martin MISSILE MASTER. As the country’s first electronic system designed 
to provide an integrated screen of radar surveillance, target detection and fire coordination, MISSILE MASTER 
makes possible peak effectiveness of anti-aircraft missile battery operation. A measure of the critical importance of 
MISSILE MASTER is the fact that the system already has been designated for a number of our most vital civilian 


and military areas. It is one of the most significant defense developments of our time. 
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with results pertaining to deep cooling by 
means of a three-cascade thermobattery, 
to combined cooling (first cascade, com- 
pression cooler; second and third, ther- 
moelectric cooler), and to the temperature 
control of small volumes. 

The Problem of the Faraday Effect In 
Semiconductors. M. I. Klinger and M. 
M. Chaban. Soviet Physics - Tech. Phys- 
ics, No. 5, 1957, pp. 921-927. Trans- 
lation 

A Graphical Method of Determination 
of the Chemical Potential [Fermi Level] of 
Semiconductors. L. L. Korenblit and A. 
A. Shteinberg. Soviet Physics - Tech. 
Physics, No. 5, 1957, pp. 912-920. 
Translation. 


Wave Propagation 


A Reflection Theory for Propagation 
Beyond the Horizon. H. T. Friis, A. B. 
Crawford, and D. C. Hogg. Bell System 


Tech. J., May, 1957, pp. 627-644. 10° 


refs. Discussion of propagation in terms 
of reflection from layers in the atmosphere 
formed by relatively sharp gradients of 
refractive index. The dependence of the 
propagation on path length, antenna size, 
and wavelength is obtained 

The Scattering Effect of a Junction 
Between Two Circular Waveguides. V. 
M. Papadopoulos. Quart. J. Mech. & 
Appl. Math. May, 1957, pp. 191-209. 
11 refs. Derivation of a solution, in- 
volving constants which satisfy an infinite 
set of equations, for the case in which the 
field is axially symmetric and transverse 
magnetic, and the dimensions are such that 
only dominant-mode propagation is pos- 
sible in each guide at the frequency of ex- 
citation 

An Experimental Two-Helix Backward 
Wave Mixer. Glenn A. Gray. USAF 
WADC TR 56-612 [AD 118187], Mar., 
1957. 20 pp. Investigation of a mixer 
tube utilizing a backward-wave oscillator. 
Helices are used for both slow-wave struc- 
tures in conjuction with a low-noise elec- 
tron gun and a resonant-cavity output 
section 

Broadband High-Power Ferrite Reso- 
nance Isolators. B. J. Duncan and B. C. 
Vafiades. Sperry Eng. Rev., Mar.-Apr., 
1957, pp. 19-28. Description of broad- 
banding techniques which can be used to 
achieve a high degree of nonreciprocity of 
ferrite resonance alteration over at least 
an octave bandwidth. 

An Application of Sturm - Liouville 
Theory to a Class of Two-Part Boundary- 
Value Problems. Samuel N. Karp. Proc. 
Cambridge Philos. Soc., Apr., 1957, pp. 
368-381. OSR-supported presentation of 
a simple solution to a general problem in- 
volving a bifurcated wave guide. 


Equipment 


A Quick Disconnect Adapter for Exter- 
nal Power Cable. Jean W. Hamilton 
USAF WADC TR 55-306, June, 1955. 
22 pp. Discussion of various methods to 
obtain a quick-release device which could 
be used as part of a standard external 
power source, and which would eliminate 
the need for a crew member to perform 
the operation. 

Der Messwagen des Instituts fiir Trieb- 
werksdynamik der Deutschen Versuchs- 


AERONAUTICAL REVIEWS 


AERONU TRONIC 
SYSTEMS, INC. 


Ford Motor Company established Aeronutronic 
Systems, Inc. as a Subsidiary to design, develop 
and manufacture weapons systems, subsystems 
and components for the military and related 
systems for commercial application. 


Research, development, engineering and pro- 
duction activities at Aeronutronic encompass 
product interests within the following fields: 


SYSTEMS 
Operational Analysis Preliminary Design 
Systems Analysis Utilization Studies 
Field Operations 


AERONAUTICS 


Aerodynamics 
Propulsion 
Aeromechanics 
Thermodynamics 


ELECTRONICS 


Guidance & Control 
Radar 

Telemetry 

Data Links 


COMPUTERS 


Component Development 
Data Processing 
Navigation 

Industrial Controls 


NUCLEONICS & PHYSICS 


Nuclear 
Theoretical 
Experimental 
Reactor 


Positions are open for scientists, engineers and 
technicians capable of making significant con- 
tributions to advanced systems technology. 


1234 AIR WAY, GLENDALE, CALIFORNIA 
13729 VICTORY BLVD., VAN NUYS, CALIFORNIA 
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anstalt fiir Luftfahrt (DVL), Aachen. 
K. Liirenbaum. DVL Bericht No. 32, 
Apr., 1957. 24 pp. Westdeutscher Ver- 
lag, K6éln & Opladen. In German. De- 
scription of the design and construction of 
a research vehicle, its instrumentation 
and purpose, with partial results of in- 
vestigations using this vehicle. These in- 
clude determination of operating require- 
ments of the carriage and body of com- 
mercial vehicles and problems of vibration 
in structures and machine foundations. 
Radar Controls Airborne Searchlight. 
Mach. Des., May 16, 1957, pp. 138, 139. 


Electric 


Reliability in Electrical Connections. 
George Roesch. Electronic Des., May 1, 
1957, pp. 20, 21, 22-25 ff. Round-table 
discussion covering printed circuit prob- 
lems, mechanical assembly and soldering, 
and fluxes and residues. 

Study, Standardization of Specifications 
for Insulated Wire. Appendix I—Speci- 
fications Evaluated in This Study. Ap- 
pendix I1—Properties of Soft or Drawn- 
and-Annealed Solid Copper Conductors 
and Strands Before Stranding. Appendix 
IlI—Military Specifications Grouped by 
Compound. Appendix I1V—Physical Prop- 
erty Requirements of Insulating and 
Sheathing Compounds. Matthew A. 
Horn and Ralph W. Stoneburner, Jr. 
USAF WADC TR 56-108, Feb., 1956. 25 
pp. Discussion of the method by which a 
preliminary specification for a single-con- 
ductor, insulated copper wire is developed. 

Factors Affecting Selection and Applica- 
tion of Subfractional Horsepower Motors. 
Morris Rothenberg. Mach. Des., May 
16, 1957, pp. 120-126. Discussion of a 
number of mechanical and electrical de- 
sign modifications possible in a.c. subfrac- 
tional horsepower motors without having 
to resort to high-cost special design. 

Future Military Aircraft Electrical Sys- 
tems. E. F. Federmann, T. M. Corry, 
and W. C. Moreland. Elec. Eng., June, 
1957, pp. 490-495. 

The Nickel Oxide Electrode in the Jung- 
ner-Edison Accumulator; Some Com- 
ments on the Treatise by Herr F. Foerster 
on “Processes in the Iron-Nickel Oxide 
Accumulator.” Julian Zedner. (Z. fiir 
Electrochemie, No. 13, 1907, pp. 752- 
755.) Gt. Brit., RAE Lib. Transl. 644, 
Mar., 1957. 6 pp. 


Hydraulic & Pneumatic 


Hydraulic Actuating Systems. B. Sale- 
man. Mach. Des., May 16, 1957, pp. 
131-134. Design method for achieving 
minimum weight and high efficiency. 

Hydraulic Component Development 
Since 1956 Meeting. F. L. Moncher and 
K. I. Postel. Vickers Inc., Turbojet Eng. 
Hydraulics Symp., Detroit, Apr. 22-24, 
1957, Paper. 14 pp. 

High Temperature Hydraulic Pump 
Development. W. S. Bobier. Vickers 
Inc., Turbojet Eng. Hydraulics Symp., 
Detroit, Apr. 22-24, 1957, Paper. 11 pp. 

An Electrically Operated Hydraulic 
Control Valve. J. W. Schaefer. Bell 
System Tech. J., May, 1957, pp. 711-736. 
Description of the electrohydraulic trans- 
ducer used in the servos that drive the 
Nike missile, and discussion of its operating 
characteristics. 


Exhaust Nozzle Hydraulic Controls 
Systems for Small Turbojet Engines. 
D. Moses and H. C. Bujak. Vickers Inc., 
Turbojet Eng. Hydraulics Symp., Detroit, 
Apr. 22-24, 1957, Paper. 7 pp. De- 
scription of the Vickers load-sensitive sys- 
tem which combines the advantages of 
both the servopump and the servovalve 
and makes use of the varying engine-load 
characteristics to decrease the size of hy- 
draulic components 


Flight Operating Problems 


Relative Movement and the Collision 
Problem. I—Interception and Collision 
Theory, E. W. Anderson Il—The Rel- 
ative Plot, F. J. Wylie. II—The Need 
for Bold Alterations, H. Topley. IV 
Avoidance by Manoeuvre, E. M. Robb. 
V—A New Plotting Aid, D. H. Sadler. 
VI—Collision Avoidance Aids, G. A. A. 
Grant. J. Inst. Navigation, Apr., 1957, 
pp. 184-207; Discussion, pp. 207, 208. 


Flight Testing 


Flight Testing High-Speed Aircraft. 
C. E. Myers, Jr. (CAI-IAS 3rd Inter- 
natl. Meeting, Toronto, Nov. 26, 27, 1956.) 
Shell Av. News, Apr., 1957, pp. 5-7. 
Description of a typical use, by Convair, 
of the “Accelerated Test Development 
Program” and ‘Flight Test Team’’ con- 
cepts in calibrating the air-speed - indicat- 
ing system, at high altitudes, of an air- 
craft having a much higher maximum 
speed than any available pacing vehicle. 


Fuels & Lubricants 


Some Operational Problems with Avia- 
tion Fuels and Lubricants. D. O. Mac- 
Dougall. J. SLAE, Apr., 1957, pp. 3 
12; Discussion, pp. 12-14. Discussion, 
in relation to turbine fuels, of such prob- 
lems as filter freezing, fuel freezing point, 
high or low specific gravity, relative fire 
risk, and the explosion hazard of fuel 
foams. Piston- and turbine-engine oils are 
also considered. 

Thermodynamisches Verhalten und 
Leistungsdaten fliissiger Treibstoffe fiir 
Raketentriebwerke. Eberhard Biichner. 
Raketentech. & Raumfahriforsch, No. 1, 
1957, pp. 4-10. In German. Analysis 
of thermodynamic properties and opera- 
tional data of liquid propellants for rocket 
engines. The decay heat of oxygen car- 
riers, as well as the lower thermal value of 
fuel, are taken into account for the cal- 
culation of the mixing rate of a combina- 
tion of propellants. 

Bulk Filtration of Aviation Fuels. L. 
R. Beynon and F. A. Inkley. Air BP, 
Mar., 1957, pp. 20-24. Discussion of 
filter methods and description of equip- 
ment. 

Paliwa w Technice Odrzutowej; Paliwa 
do Silniké6w Rakietowych. II. Andrzej 
Wachal. Tech. Lotnicza, Jan.-Feb., 1957, 
pp. 9-18. 20 refs. In Polish. Review 
of jet-engine fuels in terms of their com- 
bustion characteristics. 

Toxicity Studies on Certain Lubricants, 
Hydraulic Fluids, and High Temperature 
Greases. A. Haldane Glee, J. Corbett, 


and J. Repolee USAF WADC TR 55- 
484, Dec., 1955. 98 pp. 10 refs. 

Oil Flow and Film Extent in Complete 
Journal Bearings. J. A. Cole and C. J 
Hughes. IME Proc., No. 17, 1956, pp 
499-510. 22 refs. Development of a4 
method for photographing the oil film in 
glass bearings of standard clearance ratio 
(0.001 and 0.002), and description of a 
qualitative and quantitative examination 
of film extent. The measured oil outflow 
rates are analyzed by separation into the 
hydrodynamic and supply pressure-in 
duced components, and explanations for 
an apparent deficit in the former are dis- 
cussed. 

The Kinetics and Mechanism of Nitric 
Oxide Decomposition. A. I. Rozloyskii 
(J. Phys. Chem., No. 6, 1956, pp. 1,349 
1,355.) Cornell Aero. Lab. Transl., Apr., 
1957. 14 pp. 15 refs. Investigation 
which shows that the decomposition of 
nitric oxide is catalyzed partially by oxy- 
gen and that, over a broad range of experi- 
mental variables, the reaction proceeds 
simultaneously by a chain and by a bimolec- 
ular mechanism. 

Liquid Rocket Propellants; Practical 
Applications Sought for High Energy 
Liquid Fuels and Oxidizers. Av. Res. & 
Devel., May, 1957, pp. 10, 11, 23. Dis- 
cussion covering chemical energy, specific 
impulse, propellant combinations, molec 
ular weights, energy release, combustion 
temperatures, rocket-performance systems, 
and problems confronting the rocket-pro- 
pellant chemist. 


Ice Formation & Prevention 


On the Nuclei of the Ice Crystals in the 
Air. K. Itoo. Papers in Meteorology & 
Geophys., Oct., 1956, pp. 267-270. Ob 
servation of the nuclei of ice crystals in the 
air by means of an optical microscope 

Electron-Microscope Study of the Ice 
Crystal Nuclei. H. Maruyama. Papers 
in Meteorology & Geophys., Oct., 1956, pp 
251-266. 12 refs. Experimental investi 
gation in which ice crystals, composed of 
various kinds of chemical substance (both 
soluble and insoluble), are formed in a cold 
box within which the temperature is com 
paratively high—i.e., above —20°C 
Plastic replicas of the crystals are ob 
served through an optical and an electron 
microscope. 


Instruments 


Measurement of Detonation-Wave Ve- 
locities. Loren E. Bollinger and Kenneth 
E. Kissell. ISA J., May, 1957, pp. 170 
173. Description of a detonation tube, 
ionization probes, and a_ chronograph 
capable of measuring velocities and ac 
celerations in the range up to 10,000 ft 
sec. over distances down to a few feet, if a 
position signal can be derived in terms of a 
voltage pulse of sufficient magnitude to 
actuate the high-speed counter system 
used. 

Precise Automatic Manometer Reader. 
J. Farquharson and H. A. Kermicle. Kev 
Sci. Instr., May, 1957, pp. 324, 325. De 
velopment of an instrument to find auto 
matically the level of mercury in a glass 
tube and to indicate on a digital register 
the height of the mercury column. 
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World-Wide 


SAFEGUARDS 


\ world-wide Bendix service organization of well trained 
personnel who have at their command the complete 
facilities of the service department of the Seintilla 
Division of Bendix, stands solidly back of the jet 
ignition equipment manufactured by this division. 

This veteran service organization, with over thirty 
years of experience in meeting ignition service problems 
of all hinds, is equipped with the facilities, parts, and 
know-how to assure that every customer may continue 


Export Sales and Service: 


Bendix International Division, 205 East 42nd St., New York 17, N. Y. 


FACTORY BRANCH OFFICES: 


117 E. Providencia Ave., Burbank, Calif. e Paterson Building, 18038 Mack Ave., Detroit 24, 
ton Rd., Milwaukee 17, 


Mich. e 545 Cedar Lane, Teaneck, N. J. ¢ 5906 North Port Washi 


to receive the satisfactory performance built’ into 
Bendix* Jet Ignition equipment. 

It is important to remember that when you specify 
Bendix Jet Ignition you get not only the best in design 
and performance, but you are assured that wherever you 
fly. the finest: service organization in the industry is 
readily available to maintain the quality that has made 
Bendix—The Most Trusted Name in Ignition. 


*TRADE MARK 


Wisc. © Hulman Building, 120 W. Second St., Dayton 2, Ohio » 2608 Inwood Road. 
Dallas 19, Texas ¢ 8425 First Ave., South, Seattle 8, Wash. e 1701 “K" Street, N.W., 


Washington 6, D.C. 
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The Theory of an Ultrasonic Interferom- 

eter. V. A. Solov’ev. Soviet Physics 

Acoustics, No. 3, 1957, pp. 301-806. 

10 refs. Translation. Presentation of 

design formulas for calculating the absorp- 

tion coefficient of ultrasonic waves from 
interferometer measurements. 

Rigidity as a Factor in Rate Gyro 
Mounting. H. A. Dinter, Jr. Aero. Eng. 
Rev., July, 1957, pp. 52-54, 58. De- 
velopment of two figures of merit which 
justify establishing a minimum _ spring 
rate for the gyroscope structure and its 
mounting bracket. 

Measuring Aircraft Engine Speed. 
John J. Fraizer. G-E Rev., May, 1957, pp. 
13-15. Historical discussion of the ta- 
chometer with predictions for its future in 
jet aircraft and emphasis on the need for 
extremely precise speed-measuring devices. 


Automatic Control 


Analiticheskoe Issledovanie Ustoichi- 
vosti Dvizheniia Elektromekhanicheskogo 
Preobrazuiushchego Ustroistva. I. M. 
Makarov. <Avtom. i Telemekh., Apr., 
1957, pp. 315-323. In Russian. De- 
scription of main principles and presenta- 
tion of the analytical treatment of the 
stability problems in an electromechanical 
transforming device. 

Nekotorye Voprosy Postroeniia Mnogo- 
kanal’nykh Sistem Avtomaticheskogo Re- 
gulirovaniia. V. P. Kazakov. Avtom. 
1 Telemekh., Apr., 1957, pp. 323-335. 11 
refs. In Russian. Discussion of some 
problems of the design of multichannel 
feedback control systems. 

Uluchshenie Dinamicheskikh Svoistv 
Sistem Avtomaticheskogo Regulirovaniia 
pri Pomoshchi Aperiodicheskikh Obrat- 
nykh Sviazei. S. Ia. Berezin. Avtom. i 
Telemekh., Mar., 1957, pp. 229-239. 10 
refs. In Russian. Study of the improve- 
ment of dynamic properties of automatic 
control systems by using aperiodic feed- 
backs. 

Analiticheskoe Vyrazhenie Staticheskoi 
Kharakteristiki Izmeritel’nogo Ustroistva 
Drossel’nogo Reguliatora. E. A. Iaku- 
baitis. Avtom. 1 Telemekh., Mar., 1957, 
pp. 267-272. In Russian. Presenta- 
tion of analytic expressions for static 
characteristics of a coke-regulator meter- 
ing device. 

Nekotorye Zadachi Tekhniki Avtoma- 
ticheskikh Izmerenii v Sviazi s Komplek- 
snoi Avtomatizatsiei Proizvodstva. N. N. 
Shumilovskii, B. S. Sinitsyn, and V. lu. 
Kneller. Jzmeritel’naia Tekhnika, Jan.- 
Feb., 1957, pp. 13-26. 12 refs. In 
Russian. Discussion of some problems of 
automatic measurement related to the 
complex production automation. 

O Vychislenii Korreliatzionnoi Funktsii 
Statsionarnogo Sluchainogo Protsessa po 
Eksperimental’nym Dannym. B. N. 
Kutin. Avtom.i Telemekh., Mar., 1957, 
pp. 201-222. In Russian. Calculation 
of correlation functions of stationary ran- 
dom processes, using experimental data 

Opredelenie Periodicheskikh Rezhimov 
v Sistemakh, Soderzhashchikh Kusochno- 
Lineinye Kharakteristiki, Sostaviennye iz 
Zven’ev, Parallel’nykh Dvum Zadannym 
Priamym. II. M. A. Aizerman and F. G. 
Gantmacher. Avtom. 1 Telemekh., Mar., 
1957, pp. 193-200. In Russian. De- 
termination of periodic solutions in systems 


with a straight-line characteristic com- 
posed of line pieces parallel to two given 
straight lines. 

Obshchnost’ Skol’ziashchikh, Vibra- 
tsionnykh i Optimal’nykh Rezhimov Klassa 
Servomekhanismov. V. V. Petrov and 
G.M. Ulanov. Dokl. Akad. Nauk SSSR, 
Jan. 21, 1957, pp. 394-397. 16 refs. 
In Russian. Study of the similarity of 
sliding, vibrational and optimal conditions 
of motion in servomechanisms 

A Graphical Method for the Analysis of 
Piecewise Linear Control Systems, with 
Particular Application to Relay Controls. 
Appendix—Relation Between Characteris- 
tic Curves and Phase Plane. R. H. Mac- 
Millan and B. M. Brown. (ASME Semi- 
Annual Meeting, Cleveland, June 17-21, 
1956, Paper 56-SA-17.) Trans. ASME, 
May, 1957, pp. 841-850; Discussion, pp. 
850-851; Author’s Closure, pp. 851, 852. 

Survey of the Methods Available for 
Analysis and Synthesis of Non-Linear 
Servomechanisms. S. Demezynski. Elec. 
Energy, May, 1957, pp. 278-284. 
20 refs. Includes extensive bibliography 
of reference material for finding desired 
information and brief explanations of the 
linearization processes, piecewise analysis, 
analytical methods, topological methods, 
and the describing-function analysis. De- 
sign applications of these techniques are 
also described. 

Verfahrenstechnische Méglichkeiten 
der Automation durch hydraulische und 
elektrohydraulische Steuerungen in Rake- 
ten. Conrad R. Himmler. Raketentech. 
& Raumfahrtforschung, No. 1, 1957, pp. 
10-15. In German. Discussion of tech- 
nical possibilities of automation by hy- 
draulic and electrohydraulic controls in 
rockets. 

Issledovanie Prosteishei Releinoi Sle- 
diashchei Sistemy. G. V. Gerkhen-Guba- 
nov. Avtom. i Telemekh., Mar., 1957, pp. 
223-228. 14 refs. In Russian. Investi- 
gation of the motion of the relay servo- 
system in the case of dead zone, voltage 
ratio, and switching time delay. 

Methods of Improving Servo System 
Performance. J. M. Nightingale. Mach. 
Des., May, 1957, pp. 76-83. 13 refs. 
Analytic discussion covering stability 
improvement, proportional-plus-derivative 
action, proportional-plus-integral action, 
and three-term control action. 


Flight Instruments 


Rate-of-Climb Meter Uses Doppler 
Radar. Stanley H. Logue. Electronics, 
June 1, 1957, pp. 150-152. Description 
of a direct-reading indicator for VTOL Air- 
craft which uses continuous-wave Doppler 
radar, operating at 10,000 mce., to deter- 
mine the aircraft’s velocity during verti- 
cal-landing and hovering maneuvers. 
Tests reveal performance from zero alti- 
tude up to 2,300 ft. for vertical velocities 
up to 10 ft./sec. going up and 30 ft./sec. 
coming down. 

Evaluation of Altimeter Position Errors. 
Jack H. King. Air Line Pilot, May, 
1957, pp. 8-10. Developmental discus- 
sion detailing the test procedures used, 
data obtained, analysis of data, and pres- 
ent development work in the field. 

Effect of Precipitation on the Design of 
Radio Altimeters. Richard Kk. Moore. 
IRE Trans., ANE Ser., Mar., 1957, pp. 


24-29. Calculation of the relative ground 
and precipitation returns for a 0.1-micro 
sec. pulse-duration altimeter requiring a 
10 to 1 desired-undesired signal ratio 
Curves are computed for minimum wave- 
length at a given altitude for fixed range to 
rain and for equal rain and ground ranges, 
for various beamwidths. 


Stress & Strain Measuring Devices 


External Strain-Gage Instrumentation 
for Transient Elevated Temperatures. 
R. C. Geiger and I. Sherlock. Soc 
Exper. Stress Anal., Proc., No. 2, pp. 117- 
130. (Edited by C. V. Mahlmann and 
W. M. Murray, Cambridge, Mass., 1957 
174 pp. $6.00.) Method of measuring 
strains by using high-temperature foil 
strain gages developed for use at 400° 
500° F. 

Individual Strain Gage Desensitization. 
P. K. Stein. Soc. Exper. Stress Anal., 
Proc., No. 2, pp. 33-36. (Edited by C 
V. Mahlmann and W. M. Murray, Cam 
bridge, Mass., 1957. 174 pp. $6.00. 
Method for arranging a circuit to desensi- 
tize a single strain gage in a Wheatstone 
Bridge. A procedure for estimating er 
rors is described along with a technique 
for minimizing or eliminating temperature 
effects. 

Magnetostrictive Effects in Wire Strain 
Gages. I. Vigness. Soc. Exper. Stress 
Anal., Proc., No. 2, pp. 139-148 
(Edited by C. V. Mahlmann and W. M 
Murray, Cambridge, Mass., 1957. 174 
pp. $6.00.) Experimental investigation 
to determine changes in gage factor attrib- 
utable to magnetostrictive effects and to 
provide a satisfactory explanation for the 
self-generated voltages observed in some 
wire-type strain gages. 

Minimizing Creep of Paper-Base SR-4 
Strain-Gages. M. McWhirter and B. W 
Duggin. Soc. Exper. Stress Anal., Proc., 
No. 2, pp. 149-154. (Edited by C. V 
Mahlmann and W. M. Murray, Cam- 
bridge, Mass., 1957. 174 pp. $6.00.) 
Test results on strain gages mounted by 
means of a technique developed to mini- 
mize creep. It is found that certain 
paper-base gages can be used satisfactorily 
in the measurement of long-term strains of 
the magnitude used, within an accuracy of 
approximately one per cent. 


Temperature Measuring Devices 


A High Temperature Combination Sonic 
Aspirated Thermocouple and Total Pres- 
sure Probe. George E. Glawe. Jet 
Propulsion, May, 1957, pp. 548, 544 
Description of a thermocouple probe free 
of radiation and conduction errors, in 
which total temperature of the gas is ob 
tained by applying a constant correction 
factor for recovery. 

Apparatus for the Measurement of 
Vapor Pressure and Ignition or Decom- 
position Temperature at Pressures Above 
Atmospheric. A. Greenville Whittaker 
Rev. Sci. Instr., May, 1957, pp. 360-364 


Laws & Regulations 


Some Aspects of the New Civil Aero- 
nautics Law of Japan. Ichiro Narahashi 
J. Air Law & Commerce, Winter, 1957 
pp. 47-48. 
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Scandinavian Co-Operation in the Field 
of Air Legislation. Torsten Nylen. J. 
Air Law & Commerce, Winter, 1957, pp. 
36-46. 

Codification of Legislative Tests on 
Civil and Commercial Aviation in France. 
Louis Cartou. J. Air Law & Commerce, 
Winter, 1957, pp. 24-35. Description 
of the code and discussion of its errors, 
obscurities, and illegalities. 

Development of the National Legislation 
on Aviation Since the Chicago Convention. 
Eugene Pepin. J. Air Law & Commerce, 
Winter, 1957, pp. 1-23. 62 refs. Sur- 
vey covering the basic air laws in force be- 
fore and since the Chicago convention 
(1944), assistance in preparing new basic 
air laws, and basic air laws under prepara- 
tion in 28 countries 


Lighter-Than-Air 


Crane Launch Techniques for Poly- 
ethylene Balloons. Bernard D. Gilden- 
berg. USAF HADC TN 57-3 [AD 123 
732|, 1957. 23 pp. Description of a 
crane-launching technique for unwieldy 
flight-package configurations. The pay 
load is tied to the crane boom before in- 
flation and elevated with the crane. The 
balloon is then inflated by means of a 
roller-arms launch platform. 


Machine Elements 


The Hydrodynamic Pocket Thrust- 
Bearing. C. F. Kettleborough. JME 
Proc., No. 17, 1956, pp. 535-541; Com- 
munications, pp. 541-543. Calculation 
of operating characteristics by means of an 
appropriate modification of Kettlebor- 
ough’s electrolytic-tank method for in- 
vestigating stepped thrust bearings. Re- 
sults are compared with those for the tilt- 
ing-pad bearing and for the stepped bear- 
ing. 

New Tentative Standard Developed for 
Interference-Fit Threads, Class 5. Wil- 
liam G. Waltermire. Fasteners, Spring, 
1957, pp. 7-10. 

Gear-Combination Selection Tables. 
Donald E. Sweet. Des. News, June 1, 
1957, pp. 1388, 189. Tables to simplify 
the selection of a gear combination to 
provide a_ specified ratio between two 
shafts located a predetermined distance 
apart. 

Metal Seals Solve Missile Leakage 
Problems. Av. Age, May, 1957, pp. 48, 
49, 50, 57-59 ff. Discussion of an In- 
conel X flexible metal seal, capable of 
operating at 1, 200° F. and 6,000 psi. 


Maintenance 


Prévision Statistique des Avaries et 
Calcul des Volants et Rechanges. R. 
Descamps. Docaéro, Mar., 1957, pp. 
33-54. In French. Statistical previsions 
of failure and discussion of maintenance 
problems. 


Materials 


The Relationship of Hardness Measure- 
ments to the Tensile and Compression 
Flow Curves. R. E. Lenhart. USAF 
WADC TR 55-114, June, 1955. 10 pp. 
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11 refs. Development of an approximate 
uniaxial tensile-stress flow curve from 
hardness measurements by utilizing certain 
empirical conversion constants. Agree- 
ment is good for aluminum, copper, and 
steel, but not for magnesium. 

Improvement of the Impact Resistance 
of Cermets. A.C. Pezzi and H. P. Kling. 
USAF WADC TR 56-329 [AD 118195}, 
Apr., 1957. 27 pp. Investigation of 
methods to improve the impact resistance 
by application of a well-bonded ductile 
metallic coating to the surface. The 
methods studied include: diffusion bond- 
ing of electrodeposited nickel, infiltration 
of porous sintered coatings, direct applica- 
tion of high temperature brazes, diffusion 
bonding to shaped tubing, and vacuum 
coating. 

Special Issue: Powder Metallurgy Sym- 
posium—1957. J. \Jetals, Mar., 1957, pp. 
325-339. Partial Contents: Metallic Fil- 
ters by Powder Metallurgy, J. Haertlein. 
High Strength Structural Parts by Powder 
Metallurgy: Theory, H. H. Housner 
Techniques, G. Stern; Applications, J. M. 
Copeland. 


Corrosion & Protective Coatings 


The Corrosion of Aircraft Metals by 
Rot-Proofed Textiles. T. R. F. W. Fen- 
nell and G. P. Garland. Gt. Brit., RAE 
TN Chem.1292, Dec., 1956. 9 pp. Ex- 
perimental investigation to assess relative 
corrosive effects of various fungicidal 
agents on aircraft metals 

Hard Anodic Finishes. Light Metals, 
May, 1957, pp. 156, 157. Description 
of anodizing process developed by W. J. 
Campbell, and its industrial applications. 

On the H.A.E. Process for the Protec- 
tion of Magnesium-Rich Alloys. W. F. 
Higgins. Light Metals, May, 1957, pp. 
150, 151. Evaluation of the H.A.E. proc- 
ess and discussion of possible applica 
tions. 

British Standards for Anodised Alu- 
minium. V. F. Henley. Light Metals, 
May, 1957, pp. 147, 148 


Metals & Alloys 


Some Observations on the Nature of 
Fatigue Damage. P. J. E. Forsyth. 
Philos. Mag., 8th Ser., Apr., 1957, pp. 
437-440. Description of the nature of 
slip bands at the stage where fatigue 
cracks are forming 

Notes on the Chemical Determination 
of Nitrogen in Chromium. E. J. Lumley. 
Australia, ARL MN7, Feb., 1957. 10 pp. 


Metals & Alloys, Ferrous 


Average Mechanical Properties of Steel. 
H. A. Magnus. Design News, May 15, 
1957, pp. 140-1538. Graphical method 
using the Rockwell and Brinell tests to 
find the ultimate tensile and_ yield 
strengths, and charts of stainless steel 
mechanical and physical properties. 

Prot Fatigue Study of an Aircraft Steel 
in the Ultra High Strength Range. P. W. 
Ramsey and D. P. Kedzie. J. Metals, 
Apr., 1957, pp. 401-406. 10 refs. 

Stress Corrosion Cracking in Type 403 
Stainless Steel. Mars G. Fontana. 
USAF WADC TR 56-242 [AD 97215], 
Aug., 1956. 51 pp. 10 refs. Study of 
the effect of austenitizing temperature on 


AUGUST, 1957 


the hardness, impact strength, and micro. 
structure of types 403, 420, and 431 stain 
less steels. 

Upper Nose Temper Embrittlement of 
a Ni-Cr Steel. L. D. Jaffe and bD. ¢ 
Buffum. J. Metals, Jan., 1957, pp. 8-16 
29 refs. Investigation of temper e:brit- 
tlement both isothermally and with tem- 
perature changes. Embrittlement is found 
most rapid in two temperature ranges: 
490° to 550° C., and near 675° C. 

On the Nature of Embrittlement Oc- 
curring While Tempering a Ni-Cr Alloy 
Steel. G. Bhat and J. F. Libsch. J 
Metals, Jan., 1957, pp. 20-22.  Presen- 
tation of data showing that embrittle- 
ment of Ni-Cr steel proceeds by one 
mechanism at 925° F. and by a different 
mechanism at 1,250° F. 


Metals & Alloys, Nonferrous 


New Materials and Methods in Aircraft 
Manufacture. (Jnst. Prod. Engrs., 5th 
Conf., Southampton, Jan. 8, 9, 1957.) 
Light Metals, Feb., 1957, pp. 49-51. Sum 
mary of papers presented at the Confer 
ence. 

A Study of the Feasibility of Coating 
Magnesium with High-Purity Aluminum. 
C. F. Powell and I. E. Campbell. USAF 
WADC TR 56-405 [AD 110512], Nov., 
1956. 23pp. 48 refs. Discussion of the 
possibility of vapor plating aluminum on 
magnesium alloys. The most promising 
process appears to be pyrolysis of the alu 
minum alkyls and of aluminum hydrides 
and their derivatives, at low pressures and 
at temperatures of 200° to 436° C. 

Hardness Traverses on Fractured Cop- 
per Rotating Cantilever Fatigue Speci- 
mens. D. 5S. Kemsley. Australia, ARL 
Rep. Met. 19, Nov., 1956. 10 pp. 11 
refs. 

Forces and Power Required to Turn 
Aluminum and Seven Alloys. 0. W 
Boston and W. W. Gilbert. (ASME 
Semi-Annual Meeting, Cleveland, June 
17-21, 1956, Paper 56-SA-14.) Trans 
ASME, May, 1957, pp. 909-914; Dis 
cussion, p. 914. Turning tests on pure 
aluminum 1100-H14 and seven aluminum 
alloys to develop formulas, appropriate 
for each metal, for the tangential cutting 
force as a function of the material constant ; 
the feed in inches per revolution; and the 
depth of cut in inches when cutting dry 
with a solid high-speed steel tool ground 
for turning aluminum. 

Effects of Solid Solution Alloying on 
Creep Deformation of Aluminum. (Gordon 
D. Gemmell and Nicholas J. Grant. J 
Metals, Apr., 1957, pp. 417 423 10 
refs. Creep-rupture tests on polished 
specimens of three alloys each of Al-Cu, 
Al-Zn, and Al-Mg at 500°, 700°, and 
900° F. Results show solid-solution alloy 
ing effects on creep-rupture properties, def- 
ormation characteristics, ductility, and 
fracture of pure aluminum. 

Effect of Fatigue Crack on Static 
Strength: 2014-T6, 2024-T4, 6061 -To, 
7075-T6 Open-Hole Monobloc Speci- 
mens. Glenn E. Nordmark and Ian D 
Eaton. U.S., NACA TM 1428, May, 
1957. 22pp. Test results which indicate 
that the presence of a fatigue crack re- 
duces the static strength in all cases by 
an amount larger than the corresponding 
reduction in net area. 
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W This new Rohr Assembly Plant was recently completed at Auburn, Washington. It will facilitate 
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An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 


No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO’s 
research findings have influenced decision-making on 
the highest military levels. 


Our computer laboratory is equipped with the 1103-A 
Univac, the ‘“‘Cadillac’” of computers. Encompassing 
1200 sq. ft., it is leased at a cost of $40,000 per month. 
ORO’s professional atmosphere encourages those with 
initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
“program” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 


ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “‘fringe’’ benefits 
offered are ahead of those given by many companies. 

The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Chevy Chase suburb in which ORO is 
located. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARCH OFFICE 


loro| The Johns Hopkins University 


7100 CONNECTICUT AVENUE 
CHEVY CHASE 15. MARYLAND 


Magnesium-Thorium Alloys as Missile 
Materials. Donald Mathews. Western 
Av., May, 1957, pp. 6-8. Results of g 
test program to determine mechanica] 
properties, fabrication properties, radio- 
activity, and toxicity of materials. 

Maybe Your Problem Hasn’t Changed 
—But Magnesium Has. Mag. of Magne- 
stum, May, 1957, pp. 10-15. Discussion 
of developments in magnesium technol- 
ogy. Study considers magnesium alloys 
and their purity; development in casting, 
forming, welding, adhesive-bonding, and 
mechanical-assembly techniques; finishes: 
safe practices; and supply. 

New Magnesium-Thorium Alloy; Im- 
proved Material for Supersonic Aircraft 
and Missiles. Metal Treatment, May, 
1957, pp. 205, 206. Description of the 
Dow Chemical Company’s alloy HM21- 
XA-TS8, its high-temperature and welding 
properties. 

Titanium in the Aircraft Industry. 
(Imp. Chem. Ind., Ltd., Conf., London, 
Feb. 15, 1957.) Light Metals, Mar., 1957, 
pp. 100-103. Summary of papers pre- 
sented at the conference. 

Titanium and Its Alloys. (Conf. on 
Actual & Potential Applications, London, 
Feb. 15, 1957.) Metal Treatment, May, 
1957, pp. 181-186. Summary of con- 
ference covering: titanium, the general 
picture; current usage problems; billets 
and bars for forging; raw material; melt- 
ing; wrought products; production of 
wrought titanium; billet and forged bar; 
small-diameter bar, rod, and wire; plate, 
sheet and strip; and seamless tube. 

Embrittlement of Ti-Al Alloys in the 6 to 
10 Pct Al Range. F.A. Crossley and W. 
F. Carew. J. Metals, Jan., 1957, pp 
43-46. Investigation on embrittlement 
caused by a second phase which forms at 
temperatures below 800° C. The degree 
of embrittlement depends upon the follow- 
ing factors: aluminum content, aging tem- 
perature and time, rate of deformation, 
testing temperature. 

Heat Treatment Restores Ductility to 
Forged Titanium Alloys. D. N. Williams 
and R. I. Jaffee. J. Metals, Feb., 1957, 
pp. 254-260. Discussion of heat-treat- 
ment studies on forged compressor wheels 
to determine whether wheels rejected for 
low ductility could be salvaged by heat 
treatment. Results show that ductility 
is improved by annealing at about 100° F 
below the 8 transus, cooling at a low rate to 
the stabilizing temperature, and stabilizing 
for a short time. 

Stability of Commercial Alpha-Beta 
Titanium Alloys. Donald A. Wruck 
USAF WADC TR 56-343 [AD 97214\, 
Aug., 1956. 29 pp. Investigation to 
determine the influence of temperature, 
time-at-temperature, stress, and hydrogen 
contamination on stability, and to deter- 
mine the nature of reactions responsible 
for the ductility loss in an unstable micro- 
structure. 

Low Temperature Descaling Safeguards 
Titanium Properties. Irwin Stambler 
Av. Age, May, 1957, pp. 130, 131, 132, 
133 ff. 

Special Issue: Symposium on Tita- 
nium. J. Metals, Jan., 1957, pp. 161-181 
24 refs. Partial Contents: Sponge and 
Mill Production Economics, Herbert H 
Kellogg. Mill and Fabrication Econom- 
ics, S. A. Gordon. Analytical Develop- 


142 
; 
j 
é 
b 
f 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
: | 
| 
| 
| 
a | 
“ 
‘ | 
| 


SSile 
Stern 
of a 
nical 


dio- 


iged 
gne- 
sion 
nol- 
loys 
‘ing, 
and 
hes: 


Im- 
raft 
lay, 

the 
ling 


try. 
don, 
57, 
pre- 


on 
lon, 
lay, 
eral 
lets 
elt- 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1957 143 


| FOR 
AIRCRAFT 
| | ENGINES 


Install Lisle Magnetic Chip Detectors in aircratt engines 
and accessory units to provide a quick, positive means 
of determining the presence of ferrous metal chips or 
particles broken free of vital gears, bearings or other 
internal components. 

Attracted to the Detector by its powerful Alnico mag- 
net, the particles bridge an electrically insulated gap 
between the magnet and the Detector body. 

A ground check with a continuity tester — without re- 
moving the Chip Detector from the installation — indi- 
cates the accumulation of metallic particles. 

Many major airlines and engine manufacturers specify 
Lisle Magnetic Chip Detectors for advance warning of 
internal breakdowns before in-flight failures. 


Four Chip Detector types illustrated above.(Lisle engineers 
will design the one that fits your specific requirements.) 


CORPORATION 


LISLE 


WRITE FOR DATA AND PRICES | 
| 


...at General Electric, Pittsfield, Mass. 


ANOTHER AN-ECK-OIC° WEDGE INSTALLATION 


WORLD’S LARGEST SOUND LABORATORY 
General Electric Co., Pittsfield, Mass. 


Largest Anechoic Chamber constructed with 
AN-ECK-OIC® Wedges, Radiation Shielding 
and Spring Tension Cable Floor fabricated and 
erected by THE ECKEL CORPORATION. 


Anechoic Chambers are recognized as valuable 
facilities for analyzing noise sources in automotive 
and aircraft engines, components, auxiliary 
machines, electric and audio equipment. 


In many of the Anechoic Chambers in the United 
States, AN-ECK-OIC" Wedge units made by 
THE ECKEL CORPORATION provide the 


near perfect sound absorption. 


Recent Anechoic Chamber installations have 
been constructed for The National Bureau of 
Standards, Washington, D. C., and Westing- 
house, Sharon, Penna. 

For the silencing of Engine Test Cells, Firing 
Ranges, noisy machines and equipment consider 


the use of ECKOUSTIC® Sound Control Panels. 


THE ECKEL CORPORATION 


155 Fawcett Street 
Cambridge 38, Massachusetts 


lee 807 MAIN ST. CLARINDA, IA. AN-ECK-OIC® Wedges ECKOUSTIC® Panels 
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ments, S. Vigo. Practical Problems As- 
sociated with the Control of Interstitials, 
C. W. Handova, Lee Busch, and Hiram 
Brown. 


Nonmetallic Materials 


Evaluation Of Low-Dielectric Glass 
Fabric. Fred Werren and B. G. Heebink. 
USAF WADC TR 56-264 [AD 110459), 
Oct., 1956. 19 pp. Test results of glass- 
fabric-base plastic laminates, reinforced 
with fabric made of low-dielectric glass 
fibers and standard E glass fibers on the 
basis of mechanical and electrical proper- 
ties. 

Adhesive Bonding of Magnesium—In- 
corporating a Corrosion Resistant Hot 
Alkaline Chromate Treatment as the Sur- 
face Preparation. R. J. E. Hunter. Can. 
Aero. J., May, 1957, pp. 161-165. 

Fundamental Studies on the Adhesion 
of Organic Materials to Metal Substrates. 
R. L. Patrick and W. A. Vaughan. USAF 
WADC TR 56-663 [AD 118054], Dec., 
1956. 78 pp. 40 refs. Investigation of 
controlling factors in metal bonding using 
single interface models on which mono- 
layers are deposited on suitable metal sub- 
strates. 

The Tropical Durability of Wood As- 
sembly Adhesives (Final Note). Ap- 
pendix I—The ‘‘Student’s t’’? Test of 
Significance. Appendix II—Extract From 
T.T.E. Report 467. A. Baker. Gt. Brit., 
RAE TN Chem.1294, Jan., 1957. 24 pp. 
12 refs. Five-year tropical investigation 
of six proprietary wood assembly adhe- 
sives, using the “boxed test-piece’’ tech- 
nique. 

Mechanical Properties of Polyester 
Laminates Reinforced with High Modulus 
Glass Fabric. Fred Werren. USAF 
WADC TR 56-206 [AD 97314], Sept., 
1956. 17 pp. Results of comparative 
strength tests on three polyester laminates 
for tension, compression, and flexure. 

The Effects of Fungus Growth and 
Moisture upon the Strength Properties of 
Reinforced Plastics. R. C. Tomashot 
and E. L. Hamilton. USAF WADCTR 
56-208 [AD 97183], Aug., 1956. 9 pp. 
Tension, compression, and flexural tests on 
laminate specimens subjected to an ex- 
posure period of thirty days to show the 
effects of moisture alone as compared to 
the combined effect of moisture and fun- 
gus. A comparative rating is given for 
relative fungus susceptability among the 
materials tested. 

Stretch-Oriented Transparent Plastics 
for Aircraft. Tech. News Bul., May, 
1957, pp. 67-69. Description of the 
development of acrylic plastics and of 
methods for forming them. 

Annual Report on Research for Use in 
ANC-17 Bulletin ‘‘Plastic for Aircraft’’. 
Donald G. Coleman. USAF WADCTR 
52-183, Suppl. 4 {AD 97329], Sept., 
1956. 8 pp. 


Testing 


Electronic Methods of Rapid Non-De- 
structive Testing of Metals. G. H. Dion 
and R. Usquelis. (Ing. & Tech., Dec., 
1955.) Gt. Brit., MOS TIL/T4756, Feb., 
1957. 11 pp. 

Combination Creep-Rupture Test Speci- 
men. M. J. Manjoine. ASTM Bul., 
May, 1957, pp. 36, 37. Development of a 


test specimen which combines a smooth 
and notched test section, and is useful for 
creep-rupture acceptance testing and the 
development of new alloys and heat treat- 
ments. 

Stress Concentration in Plexiglas as a 
Function of Loading Rate. Leo V. Kline. 
J. Aero. Sci., July, 1957, pp. 551, 552. 
Experimental investigation using poly- 
methyl methacrylate as the working me- 
dium, with uniform crosshead velocities 
ranging from 0.02 in./min. to approxi- 
mately 6,600 in. /min. 

Autosonics; Automatic Ultrasonic In- 
spection. Metallurgia, May, 1957, pp. 
235-238. Description of the system and 
discussion of its applications. 

Theoretical Considerations on Perform- 
ance Characteristics of Solar Furnaces. 
Nevin K. Hiester, Thomas E. Tietz, 
Eugene Loh, and Pol Duwez. Jet Pro- 
pulsion, May, 1957, pp. 507-513, 546. 
OSR-supported calculations of the heat 
flux and the maximum temperature ob- 
tainable at the focus, for furnaces of dif- 
ferent diameter-to-focal-length ratios. 

A ‘‘Whirling Arm’’ Test Rig for the 
Assessment of the Rain Erosion of Ma- 
terials. Appendix I—-The Production of 
a Uniform Rainfall of Controlled Intensity 
and Drop Size by Means of a Spinning 
Disc. A. A. Fyall and R. N. C. Strain. 
Gt. Brit. RAE Rep. Chem.509, Dec., 
1956. 33 pp. 13 refs. Includes details 
of the arm and of the test pieces; discus- 
sion of natural rainfall and its simulation, 
with special reference to the optimum 
drop-size parameter; and photographi- 
cally portrayed results of structural, 
radar, and visual investigations on a range 
of typical aircraft materials 

The Theory and Operation of a Dy- 
namic Tester for Evaluating Package 
Cushioning Material. A.D. Klingenberg. 
USAF WADC TR 56-342 [AD 97327], 
Sept., 1956. 35 pp. Discussion of the 
principles of cushioning design and the 
characteristics of several possible types of 
dynamic cushion testers. A description 
of the free-fall platform tester and the dy- 
namic-cushion test procedure is given. 

Polarographic Determination of Gal- 
lium in Aluminum and Aluminum Alloys. 
George W. Latimer, Jr., and Charles D. 
Houston. USAF WADC TR _ 56-263 
[A D 97280], Sept., 1956. 14 pp. 21 refs. 

Theory of a New Apparatus for Deter- 
mining the Thermal Conductivities of 
Metals. S. T. Hsu. Rev. Sci. Instr., 
May, 1957, pp. 333-336. 


Mathematics 


A Formulation of the Decision Problem 
for a Class of Systems. Jack K. Hale and 
Ronald L. Reed. Nav. Res. Logistics 
Quart., Dec., 1956, pp. 259-277. Study 
of the fundamental problem of system 
analysis for selecting the best of a given col- 
lection of systems. A precise formulation 
of this problem is made and a method of 
solution given which is independent of the 
criteria employed. 

O Metricheskoi Razmernosti Tochech- 
nykh Mnozhestv. VI. Egorov. Dokl. 
Akad. Nauk SSSR, Feb. 11, 1957, pp. 
804-805. In Russian. Discussion of the 
metric dimension of point sets. 


Representations and Representative 
Functions of a Lie Group. G. Hochschild 
and G. D. Mostow. Inst. Advanced 
Study, Princeton, N. J., Rep. (AFOSR 
TN 57-158) [A D 126450], Mar., 1957. 82 
pp. 11 refs. Analysis of a number of 
interrelated general questions concerning 
the representations of a Lie group G and 
the algebra R(G) of the (complex-valued) 
representative functions on G. It is as- 
sumed that G has only a finite number of 
connected components. Consideration is 
given to representations of G by complex 
linear automorphisms of finite dimensional 
complex vector spaces. 


On the Relation of S-Functions to 
Schubert Varieties. G. Horrocks. Proc. 
London Math. Soc., 3rd. Ser., Apr., 1957, 
pp. 265-280. 12 refs. Investigation of 
the natural isomorphism between the 
algebras of invariant forms and of the in- 
tersection on a Grassmannian. 


On Some Cases of Distinction Between 
Integrals and Series. W. L. C. Sargent 
Proc. London Math. Soc., 3rd. Ser., Apr., 
1957, pp. 249-264. 18 refs. 

Some Theorems on Power Series. T 
M. Flett. Proc. London Math. Soc., 3rd 
Ser., Apr., 1957, pp. 211-218. 

Algebraic Approximation of Manifolds. 
Andrew H. Wallace. Proc. London Math. 
Soc., 3rd Ser., Apr., 1957, pp. 196-210 
Extension of Nash’s and Seifert’s work on 
any compact differentiable manifold in a 
Euclidian space which can be approxi- 
mated by part of a real algebraic variety 
Nash has shown that the approximating 
portion of the algebraic variety can not be 
isolated. It is shown here, however, that 
Nash's result can be strengthened to en- 
sure that this approximating portion is in 
fact isolated. 

Equivariant Embeddings in Euclidean 
Space. G. D. Mostow. Johns Hopkins 
U., Dept. Math. TN( AFOSR TN 56-284) 
[AD 89494], Mar., 1957. 26 pp. Dis 
cussion of several aspects of a group of 
transformations on a topological space 
These include faithful representation of 
orbits, the existence of pseudo-sections, 
the finite spanning set of cross sections, 
the union of homeomorphisms, the embed- 
ding theorem, and applications of groups 
acting differentiably. 

On Functions Which are Mean Periodic 
on a Half-Line. Paul Koosis. Commun. 
on Pure & Appl. Math., Feb., 1957, pp 
133-149. 15refs. Consideration of func- 
tions that are mean periodic on (0, ©) 
with respect to two different topologies: 
the topology of uniform convergence on 
compacta (as used by Schwartz) and the 
more complicated, weak topology for L 
(0, ©), suggested by Beurling. 

Uniqueness in Cauchy Problems for 
Differential Equations With Constant 
Leading Coefficients. Louis Nirenberg. 
Commun. on Pure & Appl. Math., Feb., 
1957, pp. 89-105. 13 refs. Establish- 
ment of a theorem based on Hérmander'’s 
inequality and application of the theorem 
to establish the unique continuation prop- 
erty, in its weak form, for certain elliptic, 
partial differential equations by means of 
reflection across a convex surface; and to 
study the null sets of solutions of nonellip- 
tic differential equations, at least in two 
dimensions. 


vat 
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SARGENT 
SYSTEMS 


FORCE 
CONTROL 


\ Sargent Systems of force control are backed by more 
\ 


ELECTRONIC 


than 37 years of experience building precision equipment 
to meet the increasingly high requirements of the aircraft, 


guided missile, petroleum, gear and machine tool industries. 


If your application of force control deals with aviation, 
marine, surface or subsurface movement, we invite you to 
send your requirements for the Sargent design, qualifica- 


tion and manufacturing proposal. 


“GOOD WILL” is the 
disposition of the 
pleased customer to 
return to the place 
where he has 


been well treated. 
— U.S. Supreme Court 


Slandard of Excellence Since 1920 
4 


Sargent offers exceptional opportunities to 
engineers interested in design, develop- 
ment, qualification testing, and manufacture 
of advanced forced control systems. Send 
your resume immediately (in confidence) 
to Chief Engineer. 


ENGINEERING CORPORATION 
MAIN OFFICE & PLANT ¢ 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF. 
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Numerical Solution of Equations of the 
Diffusion Type with Diffusivity Concen- 
tration-Dependent. Il. J. R. Philip. 
Australian J. Phys., Mar., 1957, pp. 29- 
42. Includes empirical study of the trun- 
cation error in the described procedure. 


A Least Squares Solution of Linear 
Equations with Coefficients Subject to a 
Special Type of Error. J. K. Mackenzie. 
Australian J. Phys., Mar., 1957, pp. 103- 
109. 

Geometricheskie Svoistva Reshenii Ne- 
lineinykh Sistem Uravnenii s Chastnymi 
Proizvodnymi. M. A. Lavrent’ev and 
B. V. Shabat. Dokl. Akad. Nauk SSSR, 
Feb. 11, 1957, pp. 810, 811. 10 refs. 
In Russian. Evaluation of geometric 
properties of solutions of nonlinear partial 
differential-equation systems. 

Ekstrapolirovanie Odnorodnykh Slu- 
chainykh Polei i Kolichestvo Informatsii 0 
Gaussovskom Sluchainom Pole, Soder- 
zhashcheisiia v Drugom Gaussovskom 
Sluchainom Pole. M. S. Pinsker. Doki. 
Akad. Nauk SSSR, Feb. 11, 1957, pp. 
815-818. In Russian. Study of the ex- 
trapolation of homogeneous random fields 
and of the amount of information on a 
gaussian random field contained in an- 
other gaussian random field. 

O Tozhdestvennosti Dvukh Algebrai- 
cheskikh Polei n-go Poriadka. Kk. K. 
Billevich. Dokl. Akad. Nauk SSSR, 
Feb. 1, 1957, pp. 571-574. In Russian. 
Discussion of the identity of two algebraic 
fields of the nth order. 

Ob Usloviiakh, Neobkhodimykh i Dos- 
tatochnykh dlia Polnoi Approksimativnoi 
Razreshimosti Uravnenii Ves’ma Obschei 
Prirody. A.1. Polak. Dokl. Akad. Nauk 
SSSR, Feb. 1, 1957, pp. 587-590. In 
Russian. Study of the sufficient and 
necessary conditions for complete ap- 
proximative solvability of equations of a 
very general nature. 

O Neprivodimykh Lineinykh Predstav- 
leniiakh Polnoi Gruppy Lorenza. M. A. 
Naimark. Dokl. Akad. Nauk SSSR, 
Feb. 1, 1957, pp. 583-586. In Russian. 
Discussion of irreducible linear representa- 
tions of a complete Lorenz group. 

Teoremy Vlozheniia dlia Analitiches- 
kikh Funktsii Mnogikh Peremennykh. 
M. k. Potapov. Dokl. Akad. Nauk 
SSSR, Feb. 1, 1957, pp. 591-594. In 
Russian. Presentation of insertion the- 
orems for analytic functions with many 
variables. 

Nekotorye Voprosy Beskonechno 
Malykh Izgibanii Poverkhnostei. I. N. 
Vekua. Dokl. Akad. Nauk SSSR, Jan. 
21, 1957, pp. 877-380. In Russian. 
Study of problems involving infinitesimal 
flexures of surfaces. 

O Edinstvennosti Resheniia Zadachi 
Frankl’ia dlia Uravneniia Chaplygina. A. 
V. Bitsadze. Dokl. Akad. Nauk SSSR, 
Jan. 21, 1957, pp. 375, 376. In Russian. 
Discussion of the uniqueness of the solu- 
tion to the Francl’ problem for Chaply- 
quin’s equations. 

Nekotorye Kraevye Zadachi dlia Urav- 
nenii Smeshannogo Tipa v Polose i 
Poluploskosti. N. I. Bakievich. Dokl. 
Akad. Nauk SSSR, Feb. 11, 1957, pp. 
793-796. In Russian. Presentation of 
some boundary problems for mixed-type 
equations in a strip and a half-plane. 
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Primenenie Metoda Chapligina k Re- 
sheniiu§ Kharakteristicheskoi Zadachi 
Koshi dlia Uravneniia v Chastnykh Proiz- 
vodnykh 2-go Poriadka Giperbolicheskogo 
Tipa. G. A. Artemov. Dokl. Akad. Nauk 
SSSR, Feb. 11, 1957, pp. 791, 792. In 
Russian. Study of the application of 
Chaplygin’s method of solving the char- 
acteristic Cauchy problem for a second- 
order partial differential equation of the 
hyperbolic type. 

Proektivno-Invariantnye Repery Linei- 
chatoi Poverkhnosti, Prinadlezhashchei 
Dannoi Kongruentsii. R. N. Shcherba- 
kov. Dokl. Akad. Nauk SSSR, Jan. 21, 
1957, pp. 391-893. In Russian. Dis- 
cussion of projective invariant marks of a 
ruled surface belonging to a given con- 
gruence. 

Primery Resheniia Zadachi Dirichlet 
dlia Uravnenii Smeshannogo Tipa. B. V. 
Shabat. Dokl. Akad. Nauk SSSR, Jan. 
21, 1957, pp. 386-389. In Russian. 
Presentation of examples for the solution 
of the Dirichlet problem in the case of 
united-type equations. 

Ob A-Integralakh Koshi dlia Konturov. 
P. L. UlVianov. Dokl. Akad. Nauk 
SSSR, Jan. 21, 1957, pp. 383-385. In 
Russian. Discussion of Koshi’s A-inte- 
grals, with an evaluation of L-integrals for 
closed and open contours. 

Priamoi Metod v Zadache Koshi dlia 
Kvazilineinogo Giperbolicheskogo Urav- 
neniia Dvukh Nezavisimykh Peremen- 
nykh. G. Gussi, V. Poenaru, and kK. 
Foiash. Dokl. Akad. Nauk SSSR, Jan. 
21, 1957, pp. 381, 382. Study of the 
direct method in the Koshi problem for the 
solution of quasilinear hyperbolic equa- 
tions involving two independent variables. 

Exceptional Sets with Respect to Order 
of Integral Functions of Two Variables. 
Ronald Maude. Proc. Cambridge Philos. 
Soc., Apr., 1957, pp. 323-342. Deriva- 
tion of an explicit formula for the set of 
planes of exterior capacity 0 on which the 
order is less than the total order—a set 
which is an exception to Lelong’s rule that, 
in the case of integral functions of two 
complex variables, the order of any ana- 
lytic plane through the origin is equal to the 
total order. 

Representation of Hilbert Space Opera- 
tors by (nJ)—-Matrices. D. R. Smart. 
Proc. Cambridge Philos. Soc., Apr., 1957, 
pp. 304-311. 

The Stokes Phenomenon and Certain 
nth-Order Differential Equations. I 
Preliminary Investigation of the Equations. 
II—The Stokes Phenomenon. J. Head- 
ing. Proc. Cambridge Philos. Soc., Apr., 
1957, pp. 399-441. 20 refs. Applica- 
tion of contour integrals to obtain exact 
solutions of certain mth-order differential 
equations, together with their » independ- 
ent power-series solutions, their asympto- 
tic solutions, and the relationship be- 
tween these two types of solution. The 
Stokes phenomenon associated with the 
changing constants in these asymptotic 
solutions is then investigated by various 
methods. 

On a ‘‘Best’’ 9-Point Difference Equa- 
tion Analogue of Laplace’s Equation. 
Donald Greenspan. J. Franklin Inst., 
May, 1957, pp. 425-430. 

Systems of Linear Difference Equations 
and Systems of Linear Differential Equa- 


tions Which Satisfy Conditions at Two 
Points. Tomlinson Fort. So C. [” TR, 
Apr., 1957. 8 pp. 

Numerical Integration of y” = @ (x, 
y, y') Using Osculatory Interpolation, 
Herbert E. Salzer. J. Franklin Inst., 
May, 1957, pp. 401-409. 


The Complete Enumeration of Extreme 
Senary Forms. E. S. Barnes. Philos 
Trans. Royal Soc. (London), Ser. A, May 
16, 1957, pp. 461-506. 11 refs. 

Analys Oshibok v Opredelenii Srednego 
Znacheniia Sluchainoi Velichiny i ee Kva- 
drata, Sviazannykh s Konechnost’iu Vre- 
meni Nabliudeniia. A. E. Kharybin. 
Avtom. 1 Telemekh., Apr., 1957, pp. 304- 
314. In Russian. Analysis of errors in 
determining the mean value of random 
magnitude and its mean-square error due 
to finite time of observations. 

Matrix Inversion by Partitioning. Eryk 
Kosko. Aero. Quart., May, 1957, pp 
157-184. 15 refs. Systematic discussion 
presenting various methods and applica- 
tions which have been of help in actual 
computations. The most usual type of 
partitioning, that into 2 X 2 submatrices, 
is discussed in detail, and consideration is 
also given to matrices of the continuent 
type and with special types of symmetry in 
the arrangement of the submatrices. 

Asymptotisches Verhalten der Zylinder- 
funktionen in Abhangigkeit vom kom- 
plexen Index. Peter Beckmann and Wal- 
ter Franz. ZAMM, Jan.-Feb., 1957, pp. 
17-27. In German. Analysis to find, 
for constant value of the complex argu- 
ment, which of the saddle points in the 
different parts of the complex index plane 
determine the asymptotic behavior of 
Bessel functions. 

Boundary-Value Techniques for the 
Numerical Solution of Initial-Value Prob- 
lems in Ordinary Differential Equations. 
L. Fox and A. R. Mitchell. Quart. J 
Mech. & Appl. Math., May, 1957, pp. 232 
243. 

On a Paper of Gaunt Concerned with the 
Start of Numerical Solutions of Differen- 
tial Equations. René de _ Vogelaere. 
ZAMP, Mar. 25, 1957, pp. 151-156 
Restatement, in a more precise form and 
with a more elegant proof, of Gaunt’s re 
sult for the difference method, and pres- 
entation of a similar theorem for second- 
order differential equations. 

The Asymptotic Solution of Differential 
Equations with a Turning Point and Singu- 
larities. R.C. Thorne. Proc. Cambridge 
Philos. Soc., Apr., 1957, pp. 382-398 
ONR-sponsored analysis. 

A Numerical Method of Solving Second- 
Order Linear Differential Equations with 
Two-Point Boundary Conditions. E. Cic- 
ely Ridley. Proc. Cambridge Philos. Soc., 
Apr., 1957, pp. 442-447. Description of 
the method and evaluation by compari- 
son with the Thomas-Fox matrix-factori- 
zation procedure. 

On the Crank-Nicolson Procedure for 
Solving Parabolic Partial Differential 
Equations. M. L. Juncosa and David 
Young. Proc. Cambridge Philos. Soc., 
Apr., 1957, pp. 448-461. 12 refs. Army- 
supported proof of the convergence of the 
method for the case of the classical “prob- 
lem of limits’? for one-dimensional diffu- 
sion with zero boundary conditions. In 
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SMALL ENGINE Test Cells—In this test house at 
Wen-Mac Corp., Los Angeles, California, technicians 
test engines for toy models. Noise inside is 100 decibels 
at high frequencies, but Koppers sound conditioning 
keeps outside level low enough for normal conversation. 


xoppers [SC 
silences engines 
of any size 


Big engines or little engines—it makes no difference... 
Koppers Industrial Sound Control Department silences 
the noise of any engine . . . whether it’s from a run-up 
test of the newest super-sonic jet fighter plane . . . or from 
a severe testing of a number of small engines like the 
tiny (1/12 HP) but loud Wen-Mac engine for toy models. 

Koppers ISC acoustical engineers custom-design sound- 
suppressing treatment for any industrial or aircraft noise 
problem. Test hangars . . . test houses . . . run-up mufflers 

. machinery enclosures . . . sound-proof rooms, shops 
and doors air-borne mufflers—all are part of the 
normal sound control service offered by Koppers. 

Solve your noise problems now—efficiently and eco- 


LARGE ENGINE Test Cells—Large, permanent 
test hangars built by Koppers Industrial Sound 
Control Department provide sound-controlled test- 
ing facilities for the most modern and the most 
powerful engines throughout the aircraft industry. 


nomically. Boost worker morale . . . prevent litigation for 


hearing loss damages . maintain better community 
relations. For further information, write to KOPPERS 
Company, INc., Industrial Sound Control Dept., 5918 
Scott Street, Baltimore 3, Maryland. 


~ \\| INDUSTRIAL 


KOPPERS 


{SOUND CONTROL 


Engineered Products Sold with Service 


UTICAL ENGINEERING REVIEW—AUGUST, 1957 147 Bs 
= 


148 AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1957 


cludes orders of convergence for different 
classes of initial functions. 

O Differentsiruemosti Reshenii Ellip- 
ticheskikh Differentsial’nykh Uravnenii. 
A. I. Koshelev. Dokl. Akad. Nauk 
SSSR, Feb. 11, 1957, pp. 806-809. In 
Russian. On the differentiability of solu- 
tions of elliptic differential equations. 

Obratnaia Zadacha dlia Sistem Linei- 
nykh Differentsial’nykh Uravnenii, So- 
derzhashchikh Parametr. M. S. Brod- 
skii. Dokl. Akad. Nauk SSSR, Feb. 11, 
1957, pp. 800-803. In Russian. Analy- 
sis of the inverse problem for systems of 
linear differential equations involving a 
parameter. 

Razlozhenie po Sobstvennym Funktsiam 
Sistemy Differentsial’nykh Uravnenii 
Vtorogo Poriadka. Z. 1. Biglov. Dokl. 
Akad. Nauk SSSR, Feb. 11, 1957, pp. 
797-799. In Russian. Eigenfunction ex- 
pansion of a system of second-order differ- 
ential equations. 

Ob Analiticheskikh Resheniakh Dif- 
ferentsial’nykh Uravnenii v Chastnykh 
Proizvodnykh Tret’ego Poriadka. R. D. 
Bachelis. Dokl. Akad. Nauk SSSR, 
Feb. 1, 1957, pp. 567-570. In Russian. 
Study of the analytic solutions of differen- 
tial equations in partial derivatives of the 
third order. 

Ob Odnom Klasse Iteratsionnykh Pro- 
tsessov dlia Priblizhennogo Resheniia 
Operatornykh Uravnenii. Iu. Ia. Kaazik. 
Dokl. Akad. Nauk SSSR, Feb. 1, 1957, pp. 
579-582. In Russian. Analysis of a 
class of iteration processes for approxi- 
mate solution of operator equations. 

Ob Odnom Klasse Operatorov, Nelinei- 
no Zavisiashchikh ot Parametra. D. F. 
Khazarov. Dokl. Akad. Nauk SSSR, 
Feb. 11, 1957, pp. 819-822. In Russian. 
On a class of operators depending non- 
linearly on a parameter. 

Computational Formulae for a Distribu- 
tion-Free Test of Analysis-of-Variance 
Hypotheses. Earl A. Alluisi. USAF 
WADC TR 56-339 [AD 110445], July, 
1956. 12 pp. Presentation of formulas 
for use in a statistical method for making 
distribution-free or nonparametric tests on 
hypotheses concerning both main effects 
and interactions in multifactor experimen- 
tal designs. 

An Elementary Statistical Approach to 
Microbiological Research. Appendix I, 
Il Procedure for Sample Size Estimate 
and Newman-Keuls Test. Appendix 
IIl--A Procedure for a Statistical Ap- 
proach to an Investigation. James L. 
Mahan. USAF WADC TR _ 56-431 
[AD 97279], Sept., 1956. 51 pp. 17 
refs. 


Mechanics 


Motion Under a Strong Constraining 
Force. Hanan Rubin and Peter Ungar. 
Commun. on Pure & Appl. Math., Feb., 
1957, pp. 65-87. Consideration of the 
mathematical question of whether, or to 
what extent, a sequence of potentials which 
replace a constraint on a mechanical sys- 
tem will produce unconstrained motions 
which converge to a given constrained 
motion. 


Meteorology 


New Concepts of Cumulonimbus. F. 
H. Ludlam. The Aeroplane, May 10, 
1957, pp. 674-678. Outline of some con- 
cepts of the evolution of cumulonimbus 
clouds. 

Pattern in the Vertical of Snow Genera- 
tion. R.H. Douglas, K. L. S. Gunn, and 
J. S. Marshall. J. Meteorology, Apr., 
1957, pp. 95-114. 18 refs. Application 
of 3-cm. radar to record height/time 
data on snow echoes for seven winter 
weeks. 

Metod Izucheniia Kompensatsionnykh 
Niskhodiashchikh Techenii Okolo Razvi- 
vaiushchikhsia Kuchevykh Oblakov. N. 
I. Vul’fson. Dokl. Akad. Nauk SSSR, 
Feb. 1, 1957, pp. 626, 627. In Russian. 
Presentation of a method for the study of 
downward-compensation air currents 
around developing cumuli. 

The Arctic Stratospheric Jet Stream 
During the Winter of 1955-1956. Roy Lee 
and Warren L. Godson. (NATO AGARD 
Symp. Polar Atmos., Oslo, July, 1956.) 
J. Meteorology, Apr., 1957, pp. 126-135. 
11 refs. Analysis of temperatures at the 
100-millibar level at a number of stations 
over the Canadian Artic to learn some- 
thing of the intensely baroclinic zone be- 
low the jet stream. 

L’Etude de l’Atmosphére Supérieure 4 
l’Aide des Fusées 4 l’Académie des Scien- 
ces del’ U.R.S.S. S. M. Poloskov and B. 
A. Mirtov. Fusées, Mar., 1957, pp. 49— 
52. In French. Description of the Acad- 
emy of Science (U.S.S.R.) program using 
rockets for studying the ionosphere. 

Diffusion from a Fixed Source at a 
Height of a Few Hundred Feet in the At- 
mosphere. J. S. Hay and F. Pasquill. 
J. Fluid Mech., May, 1957, pp. 299-310. 
Presentation of the results of measure- 
ments on the vertical distribution of air- 
borne particles, released usually at a 
height of 500 ft. and sampled for periods 
of about 30 minutes at downward distances 
of 100, 300, and 500 meters. 

The Satellite and Meteorology. Harry 
Wexler. J. Astronautics, Spring 1957, pp. 
1-5. Discussion of the significance of an 
earth satellite in helping predict weather, 
and of some of the parameters to be 
measured. 


Military Aviation & Armament 


Russia’s Answer to Our SAC Bases; 
Development of IRBM-Launching Sub- 
marines Permits Soviet to Lag Behind in 
ICBM Work. Anthony Vandyk. Mis- 
siles & Rockets, May, 1957, pp. 62, 63. 

Flugzeugbewaffnung mit Schusswaffen 
und Raketen. I Die Flugzeugbewaff- 
nung mit Schusswaffen. J. Linke. Luft- 


fahrttechnik, Apr. 15, 1957, pp. 89-95. 


InGerman. Description, illustration, and 
tabulation of data on the characteristics of 
cannons and the types incorporated in 
current aircraft. Installations of the 
Super Sabre, Hunter, Gnat, Cutlass, and 
Javelin are shown schematically. 

Neue Schlachtflugzeuge im Atomzeital- 
ter. Pierre M. Gallois. Flugwelt, May, 
1957, pp. 325-327. In German. Dis- 
cussion of new ground-attack aircraft in 
the atomic age. 


Missiles 


Guided Missiles. G. W. H. Gardner 
IME Proc., Vol. 169, 1955, pp. 3040. 
Discussion of the evolution of guided mis- 
siles, the types of missile likely to be in- 
cluded in future military programs, and 
some of the problems being faced in the 
development of these weapons. 

Design for Missile Reliability; Detail 
Design is Key to Operational Systems, 
Richard E. Reinnagel. Av. Res. & Devel, 
May, 1957, pp. 16, 17. Abridged. 

Ferngesteuerte Flugkorper und Ge- 
schosse. A. Hunkeler. Flugwehr und 
-Technik, Apr., 1957, pp. 95-98. In Ger- 
man. Classification of guided missiles 
and rockets, discussion of navigation and 
control methods, and applications. 

Underwater Missile and Torpedo Test 
Evaluation. Gilbert L. Maton. Missiles 
& Rockets, May, 1957, pp. 122, 124, 125. 

Techniques et Installations pour le 
Développement des Engins Guidés aux 
Etats-Unis. A.W. Robinson, Jr. Fusées, 
Mar., 1957, pp. 3-7. In French. Pres- 
entation of techniques and test installa- 
tions for the development of guided mis- 
siles in the U.S.A. 

Comparacién de Dos Diferentes Cohe- 
tes-Sondas. R.V. Dyrgalla. Rev. Asoc. 
Argent. Interplan., Oct.-Dec., 1956, pp. 
9-16. In Spanish. Discussion of sound- 
ing rockets in terms of their altitude, 
launching, and performance. 

Fernlenkwaffen—Aufbau, Antrieb und 
Steuerung. Flugwelt, May, 1957, pp. 
341-348. In German. Analysis of de- 
sign, propulsion, and control of guided 
missiles. 

On the History of Guided-Weapon De- 
velopment. A. R. Weyl. ZFW, May, 
1957, pp. 129-138. Discussion recalling 
German developments before, during, and 
immediately following World War I. 

The Prediction of Nonlinear Pitching 
and Yawing Motion of Symmetrical Mis- 
siles. Charles H. Murphy, Jr. (JAS 
25th Annual Meeting, New York, Jan 
28-31, 1957, Preprint 677.) J. Aero. 
Sci., July, 1957, pp. 473-479. 11 refs 

Firebee Flight Control System Uses 
High Autopilot Gains, Programed Vertical 
Turn. Forrest Warren and Carlton Cor- 
den. Av. Age, May, 1957, pp. 92, 93, 
94-97 ff. 

Data Gives Estimate for Winged Missile 
Performance. K. D. Wood. Av. Week, 
May 27, 1957, pp. 56-58, 63-67. De- 
sign charts prepared from NACA data on 
triangular wings and wing-body combina- 
tions which permit optimizing of designs 
for a specified payload or performance. 


Navigation 


Die Entwicklung der Flugsicherung und 
ihre Anpassung an die Forderungen des 
Strahlluftverkehrs. O. Heer. Luftfahrt- 
technik, Apr. 15, 1957, pp. 74-81. In 
German. The development of the flight 
safety principles and application to jet- 
traffic requirements are discussed. 

Photogrammetry and the Safety and 
Regulation of Commercial Aviation. John 
R. Pates. Photogrammetric Eng., Aprt., 
1957, pp. 306-312. Description of the 
work being done in compiling airport ap- 
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The U.S. A.'s first, long-range supersonic 
bomber, the B58 “Hustler.” Produced for 
the Air Force, the three-man B58 is built 


with 17-7PH stainless steel honeycomb 
sandwich in its engine nacelles, elevons, 
and portions of the wing trailing edge. 


Solving a hot skin problem 
for the faster-than-sound B58 bomber 


Honeycomb sandwich answered half the problem. 
With it, engineers at Convair Division of Gen- 
eral Dynamics Corporation could get the high 
strength-weight ratio needed for major parts of 
the B58 “Hustler”. But keeping that strength 
as skin temperatures go up... was a serious 
second half of the problem. They solved it with 
17-7PH stainless steel. 

17-7PH (precipitation hardening) stainless 
steel develops a minimum tensile strength of 
180,000 pounds per square inch through rela- 
tively low temperature heat treatment. And it 
keeps much of this strength at temperatures up 
to 900°F. 

This chromium-nickel stainless steel produced 
by Armco Steel Corporation also has good cor- 
rosion resistance, excellent fatigue strength and 
can be readily fabricated. 

The high-flying “Hustler” demonstrates in 
long-range, supersonic flight the reasons why 
you should consider 17-7PH stainless steel for 
rugged service at elevated temperatures. 


ma 


To find out the where, why and how of using 
nickel-containing materials, write to Inco. 


17-7PH chromium-nickel stainless steel strip (0.0015” thick) 


for core material is produced in honeycomb form. This nickel- 
containing stainless withstands heat radiation from the 
B58’s four J-79 turbojet-plus-afterburner engines. 


INCO THE INTERNATIONAL NICKEL COMPANY, INC. 


IF YOU'RE A FAIRLY RECENT G 


your first job or considering 


would like to tell you his story. 


Wonder how Id 
like Pasadena 


RADUATE, or getting your degree 


soon, you know the job situation. Whether you’re thinking about 


a new one, just about everybody 


And we'd like to tell you our story—about working at the 
Southern California Cooperative Wind Tunnel, and about living 
in Pasadena. If you are interested in aerodynamic development, 
whatever your degree, we think you'll find a great many advan- 
tages here. CWT jobs offer challenge and variety. Southern 
California provides every kind of recreational activity and out- 
standing centers for advanced study. 


No need to send a resume or make any immediate decisions. 
J ust mail the coupon below for the CWT story. 


{ Operated by the California Institute 
of Technology. Owned by Convair, 
Douglas, Lockheed, McDonnell and 
North American. 

CWT is concerned with testing, 
analysing and solving aerodynamic 
problems involved in the develop- 
ment of high-speed aircraft and 
guided missiles. 


GENTLEMEN: Please send me 


NAME 


HOME ADDRESS_____ 


CITY 


\ 


Southern California Cooperative Wind Tunnel 
952 South Raymond, Pasadena, California 


literature about the Wind Tunnel. 


STATE 


JOB TITLE 
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proach and landing charts, of the function 
of the present airport obstruction program, 
and of the special methods being used. 


Electronic Aids 


Untersuchungen an UKW-Drehfunk- 
feuern. Karl Barner. Luftfahrttechnik, 
Apr. 15, 1957, pp. 82-88. In German, 
Investigation of the UKW rotating beacon 
with details of its construction, 
sources, and data. 


error 


Decca and Air Traffic Control. J. G. 
Adam and V. King. The Aeroplane, 
May 3, 1957, pp. 645-647. Discussion 


of possible application of a Decca-type 
area-coverage system to improved 
traffic-control techniques. 

Radartechnik und Funknavigation. 
Stanner. VDI Zeitschrift, Feb. 11, 1957, 
pp. 204-206. 23° refs. In German 
Survey of radar techniques and radio nay- 
igation, including such — systems 
TACAN, Decca, Lorac, and Consol. 

The Air Traffic Control Radar Beacon 
System. DavidS.Crippen. JRE Trans., 
ANE Ser., Mar., 1957, pp. 6-15. Eval- 
uation in terms of compatibility, the sys- 
tem traffic-capacity problems, and_ the 
need for an operational doctrine to restrict 
the use of interrogators. System cover- 
age, ground antenna, reply-code garbling, 
and reflection problems are discussed and 
specific applications of the beacon system 
are pointed out. 

Study of the Feasibility of Airborne HF 
Direction-Finding Antenna Systems. 
Philip S. Carter, Jr. (Natl. Conf. Aero. 
Electronics, Dayton, May, 1956.) IRE 
Trans., ANE Ser., Mar., 1957, pp. 19-23 
USAF-supported laboratory and flight- 
test results for antennas designed to achieve 
the required direction-finding accuracy 
and to avoid coupling between the antenna 
and the airframe in the 2- to 24-mce. fre- 
quency range, where the airframe is clec- 
trically resonant. 

VORTAC: New Traffic Control for 
America’s Airways. Thomas L. Brown, 
Jr. Aero. Purchasing, May, 1957, pp. 
22-25, 39, 40. Description of a system 
which combines features of both military 
and civilian navigation methods into one 
universal means of traffic control. 

Operational Use of Tacan. M. Block. 
(CAI-IAS Internatl. Meeting, Toronto, 
Nov, 27, 1956, Preprint 653.) Can 
J., May, 1957, pp. 152-154. 

Amplitude and Phase of the Low-Fre- 
quency Ground Wave Near a Coastline. 
James R. Wait. J. Res., May, 1957, pp 
237-242. Analysis of the amplitude and ° 
the phase change of the ground wave orig 
inating from a distant transmitter 
land as it crosses a coastline. 

Vortac Beacons for Rho-Theta Naviga- 
tion. Peter Caporale. Electronics, June 
1, 1957, pp. 156-159. Description of a 
short-distance navigation system which 
retains the VOR azimuth of the VOR- 
DME system and adds Tacan distance in- 
formation in order to provide continuous 
azimuth and distance when challenged by 
beacon equipment in aircraft within range 


air 


W 


as 


Aero 


on 


Traffic Control 
Navigation and Traffic Control Over the 


North Atlantic. D. O. Fraser. J. /nst 
Navigation, Apr., 1957, pp. 115-1238; 
Discussion, pp. 123-132. Discussion 
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Stabilizer hinge support 


Put your complex components in the hands of A. O. 
Smith! Exclusive E.D.0O.S. manufacturing process 
is faster than conventional methods . . . assures a 
stronger product ... cuts your costs. 


For example, a conventional titanium rough-forged 
jet engine ring, 17144” O.D. x 514” wide, weighs 70 
pounds — while its counterpart, an E.D.O.S. pre- 
cision-forged, contour-rolled titanium ring, weighs 
but 20 pounds! Save 71% on material .. . 50% on 
machining time. 


WRITE TODAY FOR FREE ILLUS- 
TRATED BOOKLET — Bulletin 
1-17A — Complete with technical 
details. Also arrange for showing 
of new 16-mm. sound color movie 
about this remarkable process. 


Bomber nose 


_ Inboard strut for airframe assembly 


ave 70% 
on material costs 
CUT machining costs by 50% 


A.0. Smith does it for you 


Engineered Designs for Optimum Structures 


This remarkable metal- and work-saving process 
is ideal for titanium, steel and other heat-resistant 
alloys . .. may be the answer for fabricating your 
product. For further details about E.D.O.S., contact 
A. O. Smith Corporation, Milwaukee 1, Wisconsin. 


Through research ...@ better way 


MILWAUKEE 1, WISCONSIN 


International Division: MILWAUKEE 1, WISCONSIN 


y AY \ 
— 
Jet engine spacer ring 
hieve 
Landing gear assembly 
| 


covering navigation of individual aircraft, 
the influence of air traffic control on navi- 
gation, freedom of navigation and traffic 
control, and alternatives to ground con- 
trol. 

Blueprint for Jet Age ATC System. 
Willlam G. Osmun. Av. Age, May, 
1957, pp. 238, 239, 240-243 ff.  Dis- 
cussion of two types of airspace under a 
proposed ATC system, and the equipment 
and performance requirements for each 
airspace 

Thoughts on an Improved ATC System. 
H. kK. Morgan. JRE Trans., Ser., 
Mar., 1957, pp. 3-6. Presentation of a 
scheme for numbered blocks between 
fixes as the control elements for the fixed- 
block system. This system is compared 
with the time-block and timed-intersection 
systems and is shown to have certain 
advantages over them. 

Is an Airborne System for Collision 
Avoidance Operationally and Technically 
Feasible. Frank C. White. JRE-RTCA 
Spring Meeting, 1957, Paper. 7 pp. Dis- 
cussion of the mid-air collision problem and 
some possible means for avoiding such 
crashes. 

Approach System for High Landing 
Rates. F. H. Battle, Jr. TVele-Tech, 
May, 1957, pp. 66-68, 147, 148-152 ff. 
Analysis of a final approach course to 
shorten the common path by having air- 
craft approach the runway from various 
angles, depending on their landing speeds. 

Smiths Flight System for the B.O.A.C. 
Comet 4. de Havilland Gazette, Apr., 
1957, pp. 70-74. 


Nuclear Energy 


Nuclear Fusion-—Energy of the Future. 
John Gustavson. Jet Propulsion, May, 
1957, pp. 570-574. Discussion of fusion 
processes and catalyzed fusion, and their 
possible application to future propulsion 
problems. 

The Effect of Radiation Damage on the 
Electronic Properties of Solids. E. W. J 
Mitchell. Brit. J. Appl. Phys., May, 
1957, pp. 179-189. 450 refs. Discussion 
of the effects of atomic displacements pro- 
duced by electric collisions between the 
nuclei and incident high energy radiation. 
Specifically these include the effects on the 
electric mobility in metals, the carrier con- 
centration in germanium, and the optical 
absorption in quartz and diamonds. 


Photography 


Ispol’zovanie Solnechnogo Tenevogo 
Kompasa v Polete. Ila. Ziman. Grazh- 
danskaia Aviatsiia, Feb., 1957, pp. 23, 24. 
In Russian. Application of the solar 
shadow-compass in flight. 

The Ultra High-Altitude Reconnais- 
sance Camera. Virgil K. Yenner. Photo- 
graphic Eng., Nos. 3 & 4, 1956, pp. 204- 
207. Discussion of difficulties in obtaining 
good quality photography from cameras 
mounted on high-altitude supersonic ve- 
hicles, and of methods to overcome these 
problems, 

Future Trends in Aerial Reconnais- 
sance. J. S. Goldhammer. Photogra- 
phic Eng., Nos. 3 & 4, 1956, pp. 208-215. 
15 refs. Discussion of the relative ad- 
vantages of the small format reconnais- 
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sance camera in terms of quality of image 
and coverage, adaptability to reconnais- 
sance vehicle characteristics, and time-lag 
and apparatus requirements for data ex- 
traction. 

The Systems Approach to Aerial Re- 
connaissance. Middleton. Photo- 
graphic Eng., Nos. 3 & 4, 1956, pp. 200 
203. Method for designing cameras on 
the basis of mission requirements, airframe 
operational characteristics, capabilities of 
existing equipment, and time requirements 
for a reasonable improvement. 

Camera for Drone Photography Hycon 
HR-216. R. A. Morgan. Photographic 
Eng., Nos. 3 & 4, 1956, pp. 196-199 
Description of the design and operating 
characteristics of a camera to be used 
for battle-area surveillance. 

Practical Exposure Determination for 
Aerial Photography. W. D. Harris. 
Photogrammetric Eng., Apr., 1957, pp. 
314-317. Method for varying the expo- 
sure and development of the aerial photo- 
graphic negative to produce a desirable 
and constant negative density range, re- 
gardless of the brightness range of the 
scene. 

The Air Photographic Mission. Alfred 
C. Homes. Photogrammetric Eng., Apr., 
1957, pp. 312-3814. 

A System for the Binary Presentation of 
Elapsed Time. E. S. Mallett and Fred- 
erick C. Court. Gt. Brit., RAE TN T.D. 
13, Jan., 1957. 13 pp. Development of a 
device to produce a coded timing record 
along the edge of motion picture film. 


Physics 


Anti-Gravity -Fact or Fantasy. Irwin 
Stambler. Av. Age, May, 1957, pp. 26, 
27, 29, 30, 31 ff. Discussion of some anti- 
gravity theories and their feasibility. 

Backscattering from Dielectric-Coated 
Infinite Cylindrical Obstacles. Charles 
C. H. Tang. J. Appl. Phys., May, 1957, 
pp. 628-633. USAF - Navy - supported 
theoretical and experimental investigation 
of an infinite conducting cylinder coated 
with a lossless dielectric layer of a thick- 
ness comparable to a wavelength. 

Raschet Tochechnogo Vzryva s Uchetom 
Protivodavleniia. 1). E. Okhotsimskii, I. 
L. Kondrasheva, Z. P. Vlasova, and P. K. 
Kazakova. Akad. Nauk SSSR, Trudy 
Mat. Inst. Imeni V. A. Steklova, 1957. 64 
pp. In Russian. Investigation of a point 
blast, taking into account the resistance. 
A non-heat-conducting inviscid gas at rest, 
governed by the Klapeiron equation of 
motion, is considered. The radiation is not 
taken into account and the initial density 
and initial pressure are pp and po, respec- 
tively. The gas motion is supposed to be 
spherically symmetric and all motion 
characteristics depend on only one geo- 
metric coordinate y (distance from the 
blast) and time. 

The Foundations of a Generalization of 
Gravitation Theory. John Moffat. Proc. 
Cambridge Philos. Soc., Apr., 1957, pp. 
473-488. 21 refs. Investigation to de- 
termine whether the field equations 
adopted for further generalization of the 
general theory of relativity yield the cor- 
rect equations of motion (Lorentz equa- 
tions) for charged particles in an electro- 
magnetic field. 
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Integraly Podobiia Gidrodinamiki Ge- 
terogennykh i Gomogennykh Protsessoy, 
A. M. Fainzil’ber. Dokl. Akad. Nauk 
SSSR, Feb. 1, 1957, pp. 607-610. In 
Russian. Analysis of hydrodynamic simi- 
larity integrals in heterogeneous and ho- 
mogenous processes 

The Hall Effect and Its Uses. 1. R 
Lawson, Jr. Westinghouse Engr., May, 
1957, pp. 71-73. Discussion of the Hall 
effect and its application to the develop- 
ment of improved semiconductor devices 

The Static Spherically Symmetric Solu- 
tions in a Unified Field Theory. John 
Moffat. Proc. Cambridge Philos. Soc., 
Apr., 1957, pp. 489-493. Discussion of 
the fundamental properties of Moffat's 
generalization of Einstein's gravitational 
theory, and derivation of an exact solution 
of the field equations for the case of a 
static, spherically symmetric gravitational 
and electric field due to a charged particle 
at rest at the origin of the space-time co- 
ordinates. 

Diffraction by an Aperture. II. Joseph 
B. Keller, Robert M. Lewis, and Bernard 
D. Seckler. J. Appl. Phys., May, 1957, 
pp. 570-579. 12 refs. ARDC - spon- 
sored asymptotic evaluation of the field 
diffracted by an aperture of any shape, on 
the basis of the Kirchhoff method, its two 
customary modifications, and W. Braun- 
bek’s new modification. 

Infrared Emissitivities and Absorptivi- 
tiesof Gases. Appendix Limits of Valid- 
ity of the Effective Band-Width Approxi- 
mation. S. S. Penner and A. Thomson 
J. Appl. Phys., May, 1957, pp. 614-623 
22 refs. ONR-supported derivation of 
approximate analytic expressions for the 
“effective band widths’ and emissivities 
of diatomic molecules at elevated tempera- 
tures. The absorptivities of molecular 
vibration-rotation bands are evaluated for 
radiation emitted by similar molecular 
vibration-rotation bands and for radiation 
emission by blackbodies. 

Microwave Gas Discharge Breakdown 
in Air, Nitrogen, and Oxygen. Il). J 
Rose and Sanborn C. Brown. J. Appl 
Phys., May, 1957, pp. 561-563. 10 
refs. USAF - Army - Navy - supported 
research. 

A Note on the Diffraction of a Dipole 
Field by a Half-Plane. W. E. Williams. 
Quart. J. Mech. & Appl. Math., May, 
1957, pp. 210-213. Derivation of a 
simple solution involving very little ma 
nipulation and enabling a general dipole 
direction to be treated directly. 

Magneto-Hydrodynamics of a Finite 
Rotating Disk. K. Stewartson. Quart. J 
Mech. & Appl. Math., May, 1957, pp 
137-147. 

Determination of Oxygen Percentages 
by Pressurization Technique. Jerry L 
Johnson. USAF HADC TN 57-4 |AD 
113034], 1957. 9 pp. Method appli 
cable to the percentage determination of 
any gas of a closed system, provided the 
initial percentages of any component gases 
are known. 

Pauli’s Exclusion Principle. W. Hei 
senberg. (Ann. Phys., No. 10, 1931, pp 
888-904.) Gt. Brit. RAE Lib. Transl 
639, Mar., 1957. 16 pp. Application ofa 
Schrédinger equation to an atomic system 
in which the shell requires » electrons for 
its completion. As examples the lowest 
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get flow information 
in any form you need it 


PANEL FLOW RATE 
INDICATOR 


tion 
IN-LINE DIGITAL 


te flow condi 
. 
INDICATOR 


DIGITAL 
TOTALIZER 


FREQUENCY 
MULTIPLIER-CONVERTER 


... with F&P turbine meters and readout devices 


Here’s the ideal solution to flow metering prob- 
lems characterized by high temperature, high pres- 
sure, high flow volume, or rapid flow transients. 
Fischer & Porter turbine meters are inherently 
among the most accurate flow measuring devices 
available today . . . providing measurements ac- 
curate to '.% of instantaneous rates. 

The low inertia, axially balanced rotor of the 
F&P turbine meter gives optimum response to 
rapidly changing flow rates . . . providing positive 
information on changes as soon as they begin, not 
after they happen. A basic frequency output, directly 
proportional to flow, provides a common language 
easily fed to indicating, recording, or transmitting 
equipment. You can have digital or analog indica- 
tion . . . oscilloscope recording . . . circular or strip 
chart recording . . . digital totalizing . . . transmission 
or any combination of these. Here are just a few of 
the Fischer & Porter output devices you can dovetail 
with one or more turbine meters: 


PANEL FLOW RATE INDICATOR: Provides 
scale reading in desired flow units or in percentage 
of maximum flow. Includes amplifier which may be 
used to feed EPUT meters or integrators, and 
analog converter. 


“IN-LINE” DIGITAL INDICATOR: Direct digi- 
tal readout of flow information in desired gravi- 
metric or volumetric units. Automatically selects 
turbine meter outputs by flow range. 


DIGITAL TOTALIZER: Provides integrated flow 
information accurate to 15%. 


FREQUENCY MULTIPLIER-CONVERTER: 
Extremely rapid response to transient flow signals. 
Sampling of eight points per cycle provides more 
information than conventional means. 


For complete data on the F&P turbine meter and 
some of the systems it makes possible, write for 
catalog. Address request to Fischer & Porter Co., 
1987 County Line Road, Hatboro, Penna. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 
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terms of the atomic spectra and the 
anomalous Hall-effect are discussed. 


Power Plants 


Zur Wirtschaftlichkeit der Umriistung 
von Kolbentriebwerk-Flugzeugen auf Pro- 
pellerturbinen. Erich W. Miiller. Fiug- 
welt, May, 1957, pp. 317-319. In Ger- 
man. On the economy of armament 
change from piston engine aircraft to tur- 
boprop. 


Atomic 


Design Considerations of Nuclear Pro- 
pelled Aircraft. E. W. Titterton. 
craft (Australia), Apr., 1957, pp. 22-24, 
70. 


Jet & Turbine 


Die neuere Entwicklung der Gastur- 
binen. R.Strochlen. BWA, May, 1957, 
pp. 228-231. In German. Review of 
the development of different types of gas 
turbines, based on a previously published 
review of world statistics. 

Gyroscopic Loading Tests on a Gas-Tur- 
bine Rotor. W. Ker Wilson and W. J. 


Harris. Chartered Mech. Engr., May, 
1957, pp. 232-236. Abridged.  Investi- 


gation to determine how fracture is initi- 
ated in turbine hubshafts under extreme 
cyclical loadings applied for short periods 
of time. 

Strahltriebwerke - Pfeiler der modernen 
Luttfahrt. Wolfgang Dieler. Flug- 
Revie, Apr. 27, 1957, pp. 7-12. In Ger- 
man. Discussion of turbojet engines and 
of their role in modern aviation. 

Bridging the Gap in the Gas Turbine’s 
History. C. W. Smith. G-.E. Rev., May, 
1957, pp. 8-12. Historical review of the 
gas turbine, pointing out the danger of 
overcaution in engineering. 

Problems and Research on Fuel Atomi- 


sation in Jet Propulsion Units. (DFL FB 
FBS 4/54, Feb., 1954.) Gt. Brit., MOS 
TIL T4697, Jan., 1957. 77 pp. 34 refs. 


Discussion covering the effects of the noz- 
zle and of tuels on atomization; various 
methods for measuring the spatial dis- 
tribution of flow, the size distribution of 
droplets, and the jet angle; characteristic 
values including expressions for atomiza- 
tion quality and values for the nozzle; 
description of various nozzles; and auxil- 
iary apparatus and special problems. 

Sul Regime del Turbogeneratore di Gas. 
Antonio Capetti. L’Aerotecnica (Rome), 
Feb., 1957, pp. 3-6. In Italian. Method 
for studying the variations in turbine- 
inlet temperature and the speed of the 
turbine-compressor combination. Having 
formulated the two basic equations which 
define the equilibrium conditions, a graph- 
ical method for their solution is given. 

Vickers Dynamic Fuel Control Test 
Stand. J. Bigus and R. Egge. Vickers 
Inc., Turbojet Eng. Hydraulics Symp., 
Detroit, Apr. 22-24, 1957, Paper. 12 pp. 
Development and operation of the Model 
E-12030 test stand with predictions of 
future advances. 

A Look Into the Future of Fluid Power 
Controls in Jet Engines. Gerhard Reet- 
hof. Vickers Inc., Turbojet Eng. Hydrau- 
lics Symp., Detroit, Apr. 22-24, 1957, 
Paper. 4 pp. Discussion of hydraulic 
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fluids, with emphasis on lubricity at high 
temperatures. Various gases, petroleum- 
base and synthetic hydraulic liquids, 
heavy liquids, and liquid metals with a low 
melting point are considered. 

Some Experiences in the Development 
and Application of Lycoming’s T53 Gas 
Turbine Engine. Anselm Franz. (SAE 
Annual Meeting, Detroit, Jan. 14-18, 1957, 
Preprint 32.) Am. Helicopter, Mar., 1957, 
pp. 6-9, 12. 

Aircraft Fuel Booster Pumps. F. E. 
Smith and J. F. Urich. (Thompson Prod. 
Eng. Bul.) Av. Res. & Devel., May, 1957, 
pp. 12, 18. Abridged. Examination of 
the factors governing performance, in- 
cluding altitude and vapor pressure, type 
of fuel, cavitation, fuel temperature, rate 
of climb, and fuel depth above the im- 
peller. 

Thrust Reverser Devices. Paul P. 
Datner. Aero. Eng. Rev., July, 1957, pp. 
44-49. Discussion of the advantages of 
thrust reversers. Treatment includes de- 
scription of various types of thrust reverser 
and consideration of fail-safe require- 
ments, weight, actuation systems, and the 
aerobrake thrust reverser 

Sulla Spinta a Punto Fisso, a Quota 
Zero, dei Turbogetti Normali e con Post- 
bruciatore; Limiti di Convenienza dell’ 
Aumento del Rapporto di Compresione del 
Compressore. Gaspare Santangelo. L’- 
Alerotecnica (Rome), Feb., 1957, pp. 24 
28. In Italian. Derivation of general 
expressions for the calculation of static 
performances at sea level of turbojets with 
and without afterburner, as related to the 
compression ratio of the compressor. It 
is shown that the maximum thrust which 
can be reached making use of the best heat 
resistant materials available at present 
corresponds to values of about 20/25 for 
the compression ratio 


Rocket 


Impulse Expressions for Rocket Sys- 
tems Containing a Solid Phase. Irvin 
Glassman, Jet Propulsion, May, 1957, 
pp. 542, 548. Analysis to show that the 
specific impulse of a gas-solid system can 
be represented by an expression similar to 
that for a pure gaseous system if the ratio 
of specific heat and the average molecular 
weight are redefined 


Production 


Analiza Rozwoju Produkcji Platowcéw. 
Tadeusz WiSlicki. Tech. Lotnicza, Jan.- 
Feb., 1957, pp. 18-25. In Polish. Anal- 
ysis of progress in aircraft production. 

Canopy Tooling. Aircraft Prod., June, 
1957, pp. 234-236. Description of form- 
ing die and gripping jaws used for stretch- 
forming transparent canopies 

BruSenje Orodij iz Karbidnih Trdin. 
Janez Peklenik. Strojniski Vestnik, No. 
1/2, 1957, pp. 8-13. 10refs. In Slovene 
Study of hard-carbide grinding tools 

Tip-Life Studies in the Spot Welding of 
5052 Aluminum Alloy. Richard A. Davis 
and Robert C. MacMaster. Welding J. 
Res. Suppl., May, 1957, pp. 235-s—239-s 


Metalworking 


Turning High-Tensile Steels; Introduc- 
tion of Skiving-Tool Operations on Heat- 


Treated Steels. 
1957, pp. 204-206. 

De-Icing Elements. Aircraft 
May, 1957, pp. 180-184. Description of 
heater-clement production by selectively 
etching away the material not required 
after the foil has been bonded to an elec- 
trically insulating base. 

Adhesive Bonding of Magnesium; Pro- 
duction Bonding Process for Elevated- 
Temperature Service. R. J. E. Hunter. 
Aircraft Prod., May, 1957, pp. 198-201, 

Flexible-Punch Forming. Aircraft 
Prod., May, 1957, pp. 185-187.  Discus- 
sion of the SAAB Fluid-Form process 
which takes the form of a flexible punch 
and is embodied in a unit that can be at- 
tached to conventional single-action or 
double-action presses. 

Autoclave Bonding; Use of Fluid Pres- 
sure in the Production of Adhesive-Joined 
Assemblies. N. Evans. Aircraft Prod., 
June, 1957, pp. 240-249. Discussion of 
heating and tool-design methods, and of 
,the advantages and disadvantages of 
fluid-pressure bonding. 

Development Problems in the German 
Drop-Forging Industry; Difficulties of 
Automation. O. Niederhoff and F. D. 
Schieferdecker. (Jnternatl. Conv. of Drop 
Forgers, Baden-Baden, Sept. 22, 19356.) 
Metal Treatment, May, 1957, pp. 187 
198. Translation. 

P. V. C. Intensifiers; A New Time- 
Saving Technique in Press-Forming. 
Shorts, Mar., 1957, pp. 19, 20. 

Rocket-Motor Tubes. Aircraft Prod., 
June, 1957, pp. 222-230. Discussion of the 
forming, welding, and heat treatment of 
sheet-steel rocket tubes. 

Tube Forming; Cold-Drawing Opera- 
tions on Core-Tubes for de Havilland 
Hollow-Steel Airscrew-Blades. 4 ircraft 
Prod., May, 1957, pp. 174-179 

Controlled Atmospheres; A Survey of 
Their Types and Fields of Application in 
Metal Processing Operations. II. C. E 
Peck. Steel Processing, May, 1957, pp 
277-283, 285 

Electric Furnaces for Carburising and 
Heat Treatment; Review of Modern 
Practice in Germany. (Werkstatt & Be- 
trieb, vol. 6, 1956.) Metal Treatment, May, 
1957, pp. 199-204. Abridged. Discus 
sion covering the carburizing and carbo 
nitriding processes, the ‘‘Homo-carb” 
method, and continuous and_ revolving- 
hearth furnaces. 


The Heat-Treatment of Magnesium 
Alloys. N. Bailey. Light Metals, Mar., 
1957, pp. 96-98. Discussion covering 
furnaces, protective atmospheres, casting 
and wrought alloys, welding, and checks 
on heat treatment. 

The Heat Treatment of Aluminium Alloy 
Forgings. C. Wilson and J. V. Scanlan 
Light Metals, Mar., 1957, pp. 90-94 
Discussion covering solution treatment and 
ageing, equipment, salt baths, forced 
air-circulation furnaces, temperature con- 
trol, internal stress, overheating, blister- 
ing, annealing, and control of heat treat- 
ment. 

Preheating of Titanium. FE. T. Adams 
Light Metals, Mar., 1957, pp. 88-90 
Discussion covering required furnace at- 
mospheres, oxidation, preheating tempera- 
ture, and heating furnaces. 


Aircraft Prod., May, 
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Progress with TT UU 


J-57 compressor rotor, operating at several hundred degrees F., uses 
discs, blades and other parts of MST 6AI-4V titanium alloy. 


MORE THRUST 
PER POUND 


155 


Teamwork of specialists applies titanium alloy 
to improve mightiest U.S. jet engines 


The bold use of new materials is one 
of the reasons for the preeminence 
of Pratt & Whitney Aircraft’s J-57, 
and newer J-75 jet engines. 


The MST 6GAI-4V titanium alloy, 
which Mallory-Sharon helped 
develop and introduced commer- 
cially, is used in quantities of hun- 
dreds of pounds to increase the 
thrust-per-pound ratio of these 
engines. This alloy meets the rugged 
conditions of stress and temperature 
in engine use. 


Mallory-Sharon, one of the first 


= 


Protucese of titanium 


materials producers for this engine, 
supplies the MST 6AI-4V alloy to 
various specialists for fabrication . . . 
Ladish Co. and Wyman-Gordon Co. 
for spacer and disc forgings... 
Thompson Products, Inc., Eaton 
Manufacturing Co., Steel Improve- 
ment & Forge Co. for blades and 
other parts... which are all fur- 


nished to Pratt & Whitney Aircraft. 


Let Mallory-Sharon, technical leader 
in titanium, help you apply this new 
metal. It has the strength and light- 
ness needed in engines and aircraft, 
the superior corrosion resistance 
demanded for chemical processing 
equipment. Write for information. 


MALLORY Th SHARON 


MALLORY-SHARON TITANIUM CORPORATION - NILES,OHIO 


and titanium alloy sheet, strip, plate, rod, bar, billets 


Dr 
mand 
>) 


Millions of flying hours prove the 


dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 


@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from “2” to 12”, pack- 
ages in rolls of 50 feet. 


PITTSBURGH PLATE GLASS CO., Industrial Paint Div. 
Pittsburgh, Pa. Factories: Milwaukee, Wis.; Newark, N. 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 

@ Call on us for advisory sery- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


Springdale, Pa.; Houston, Texas, Los Angeles, Calif.; Portland, 
Ore. Ditzler Color Div, Detroit, Michigan. The Thresher Paint 


& Varnish Co., Dayto 
ce) 


hio. Forbes Finishes Division, Cleveland, 


hio. M. B. Suydam Div., Pittsburgh, Pa. 


GLASS CHEMICALS BRUSHES PLASTICS 


PittsBuRGH PAINTS 


PITTSBURGH PLATE GLASS COMPANY 
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SOUTHWEST RESEARCH INSTITUTE 
at San Antonio, Texas 


A rapidly growing independent laboratory located ina 
healthful, sunny climate... 


.. has exceptional opportunities for indivi- 
duals with outstanding qualifications in the 
field of Engineering Mechanics. 


® STRUCTURAL RESEARCH ENGINEERS—for advanced 
studies in structural mechanics, experimental stress 
analysis, plate and shell structures, creep buckling, soil 
and foundation mechanics, fatigue in pressure vessels 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 
and machinery. | 
@ AERONAUTICAL ENGINEERS | 

—for experimental and theoretical problems in aervelas- | 
ticity, aerodynamics, dynamic and vibration analysis, | 
instrumentation and wind tunnel testing. | 
© MECHANICAL DESIGNERS—for development of me- | 
chanical, electrical, hydraulic, and structural systems and 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


components, particularly related to the gas and petro- 
chemical industries. 


®@ METALLURGISTS—for research and de- 
velopment of new materials and layered systems to with- 
stand ultra high temperatures, creep and stress rupture in 
ferrous and non-ferrous materials, solid state physics. 


@ ENGINEERING ANALYSTS—with Engineering Me- 
chanics, Applied Mathematics or Applied Physics back- 
grounds to work in any of the above fields. 


If you are experienced in any of these areas and seek 
the challenge of working independently as a project 
leader on a diversity of industrial and military prob- 
lems in both fundamental and applied fields, write to: 


S. H. Simpson, Jr., Assistant Vice President, Dept. 2-! 
8500 Culebra Road, San Antonio 6, Texas 


Consult your 


1957 AERONAUTICAL 
ENGINEERING CATALOG 


for suppliers of aircraft parts, 


materials, and services 


> 

> 

> 

> 

> 

4 

> @ A master file of company product catalogs. 
> 

4 

> @ 30,000 listings to vendors of over 2,000 aircraft 
ape 

‘ and guided missile materials and components. 

> 

- @ Names, current addresses and general descrip- 

‘ tion of products of all principal manufacturers. 
> 
a 
4 
a 


@ Handy inquiry postcards. 


AN OFFICIAL PUBLICATION: 


INSTITUTE OF THE 
AERONAUTICAL SCIENCES 


2 E. 64th St. New York 21, N.Y. 
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Grinding Fir-Tree Roots. Aircraft 
Prod., May, 1957, pp. 188-194. Descrip- 
tion of a twin-head grinding machine 
to grind fir-tree root forms on turbine 
blades. 

Designed for Integral Machining. Light 
Metals, Mar., 1957, p. 78. Description of | 
a high-speed surfacing and profiling milling 
machine. 

Gun Reamers—A New Machining Tech- 
nique. F. A. Menelaus and B. Fraser. 
Shorts, Mar., 1957, pp. 5-8. Application 
of the gun drill as a high-speed reamer. 

Ultrasonic Machining. I—Technique 
and Equipment. FE. A. Neppiras and 
R. D. Foskett. Phillips Tech. Rev., May, 
1957, pp. 325-346. 

Pocketing and Profiling; Simple Ma- 
chine for Operations on Integral-Type 
Components. Aircraft Prod., June, 1957, 
pp. 217-221. Description of the basic 
machine type and its applications. 


Production Engineering 


Progressing a Design. Aircraft Prod., | 
June, 1957, pp. 212-216. Development 
of an administration system to improve 
liaison and control over design and produc- 
tion. { 

Make it Right the First Time. Leon | 
Bass. Ind. Quality Control, May, 1957, pp. | 
35-42. Discussion of quality control 
techniques in the production of jet en- 
gines. 

Buying Under Weapon System Manage- 
ment; How Industy is Meeting the Prob- 
lem. August C. Esenwein. Aero. Pur- 
chasing, May, 1957, pp. 26, 27. | 

Purchasing for Research and Develop- 
ment of the F-105. Larry Cunningham. 
Aero. Purchasing, May, 1957, pp. 28-30, 
43, 44. Discussion of Republic’s use of 
the weapon system concept in planning the 
purchases on their first supersonic, nu- 
clear bomb-carrying, fighter aircraft. 

Ultrasonic Inspection; Semi-Automatic 
Installation for Large Aluminium-Alloy 
Slabs. Aircraft Prod., June, 1957, pp. 
250-282. 


Propellers | 


An Analysis of Once-Per-Revolution 
Oscillating Aerodynamic Thrust Loads on 
Single-Rotation Propellers on Tractor 
Airplanes at Zero Yaw. Appendix A-- 
Computation of Blade-Section Thrust and 
Blade-Section Normal Forces. Appendix 
B—Methods for Determining the Values 
of y at the Horizontal Center Line 
of a Propeller Disk. Appendix C—A 
Method For Computing the Wing-Induced 
Upwash Angles at the Horizontal Center 
Line of a Propeller Disk. Appendix D- 
Method for Computing the Body-Induced 
Upwash Angles at the Horizontal Center 
Line of a Propeller Disk. Vernon L. 
Rogallo, Paul F. Yaggy, and John L. Mc- 
Cloud, II. U.S., NACA Rep. 1295, 1956. 
30 pp. 14 refs. 


Reference Works 


List of PIBAL Reports 1948-1957. 
Polytech. Inst. Bklyn., Dept. Aero. Eng. & 
Appl. Mech., PIBAL Rep. 370, Apr., 
1957. 21 pp. 


AERONAUTICAL REVIEWS 


ENGINEERS Jerodynamics & Propulsion 


Information manual 
about APL and its 


current programs 


now available 


The Applied Physics Laboratory (APL) of 
The Johns Hopkins University is unique in that 
we are neither an industrial nor an academic 
organization, but rather a composite, having 
drawn freely from the methodologies of each. 

For thirteen years APL has pioneered in 
guided missiles. Today we are engaged in a 
broad program of R & D for the Navy; in 
addition, we are responsible for technical direc- 
tion of industrial and academic contractors in 
developing the Terrier, Talos and other major 
weapons and weapons systems. Our staff mem- 
bers enjoy not only the stimulus of association 
with their immediate colleagues at APL, but 
also with those in other organizations of con- 
siderable stature. 


NEW 30-PAGE PUBLICATION 


A few positions for senior engineers and scientists 
are now open. Information on our accomplishments 
and goals is available in a new 30-page publication, 
just off the press. 

In it staff leaders representing each of the various 
disciplines and fields outline the nature of their 
programs. Information on our new laboratory in 
Howard County, Md. (equidistant between Balti- 
more and Washington) is also included, together 
with facts on the outstanding communities in which 
our staff members live. 


Quantity is somewhat limited. May we suggest you send now to: 
Professional Staff Appointments 


The Johns Hopkins University 


Applied P hysies Laboratory 


8605 Georgia Avenue Silver Spring, Md. 
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Rotating Wing Aircraft 


Rocket Power for One. Howard Levy. 
The Aeroplane, May 10, 1957, p. 670. 
Description of the Rotor-Craft Company’s 
one-man Pinwheel helicopter. 

Helicopter Developments at White 
Waltham. Zhe Aeroplane, May 3, 1957, 
pp. 640-642. Discussion of research 
done by Fairey on pressure jets suitable 
for propelling helicopter rotors. Test 
facilities are described, along with current 
and future projects. 

Heavy-Lift Helicopters. Am. /Helicop- 
ter, Mar., 1957, pp. 10-18. Reprint. Dis- 
cussion of design parameters as they 
affect heavy-lift helicopters. 

U. S. Army Participation in Aircraft 
Instrumentation Development. John D. 
Edmunds. (ONR Prog. Rep. Conf., Fort 
Worth, Sept. 19, 20, 1956.) AHS J., 
Apr., 1957, pp. 30-35. Outline of prob- 
lems and objectives. 

Helicopter Operations at High Alti- 
tudes. AHS J., Apr., 1957, pp. 1-7. 
Partial Contents: Practical High-Altitude 
Operations, Robert H. Facer. The Real 
Problem of Helicopter Operations at 
High Altitude, Joseph Mashman. High 
Altitude Operation of Helicopters, Paul 
E. Young. Discussion by three experi- 
enced operators of helicopter flying with 
marginal performance situations. The 
problems considered are induced by re- 
duced engine power due to low atmospheric 
pressure, high blade-section loading due to 
reduced air density, dangerous flight con- 
ditions due to treacherous air currents, and 
marginal landing areas—all of which make 
helicopter operations relatively difficult. 

All-Weather Helicopter Operation. P. 
A. Hearne. J. Inst. Navigation, Apr., 
1957, pp. 168-178; Discussion, pp. 178 - 
183. Discussion covering helicopter in- 
strument-flying characteristics; naviga- 
tion, instrument-approach, and visual 
aids; and air traffic control. 

Supercharging the Hiller UH-12C Heli- 
copter. Robert W. Cowgill. Am. Heli- 
copter, Apr., 1957, pp. 6, 7, 10.  Dis- 
cussion of the installation of a McCulloch 
supercharger to improve altitude perform- 
ance, and the additional maintenance 
required. 

Rotor Tip Pressure Jets. 
May 3, 1957, pp. 686, 687. 

Development of a Retractable Rotor. 
T. Tarezynski. (AHS 3rd Annual West- 
ern Forum, Dallas, Oct. 9, 1956.) AHS 
J., Apr., 1957, pp. 66-72. Discussion 
from an operational viewpoint, and de- 
scription of design features and principles 
of operation. 

Neoprene Bellows Drives Rotor Pitch- 
Control Mechanism. JMach. Des., May 
16, 1957, pp. 136, 137. 

User Testing of Helicopters by the 
Army. William H. Byrd, Jr. (AHS 3rd 
Annual Western Forum, Dallas, Oct. 9, 
1956.) AHS J., Apr., 1957, pp. 8, 9. 
Discussion of the Army testing program 
and its applications to the development of 
civilian helicopter models. 

The Transport Helicopter. Igor I. Si- 
korsky. Proc. IME, vol. 169, 1955, pp. 
1,183-1,188. Discussion comparing the 
helicopter with other means of transporta- 
tion and noting the helicopter’s history 


The Engr., 
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and present status, recent activities in the 
field, various types of helicopter, and pos- 
sible future development—the last in 
terms of configurations and the use of 
nuclear energy 


Safety 


U. S. Army Bell H-13 Accident at Mon- 
mouth County Airport, Belmar, N. J., 
June 21, 1956. A. Howard Hasbrook, 
John T. Pairn, and H. R. Guggenheimer, 
Jr. Cornell U., Av. Crash Injury Res., 
Av-CI R-5-CSS/H-81, Feb., 1957. 32 pp. 
Photographs with descriptive captions 
relating to the survival details of a heli- 
copter crash in which two crew members 
survived without spinal injuries although 
the crash involved a minimum vertical 
impact speed of 41 m.p.h. and not less 
than a calculated 28.5 ¢ vertical decelera- 
tion. 

New Fire Detectors Have Continuous 
Sensing. Victor DeBiasi. Av. Age, May, 
1957, pp. 74, 75-77 ff. Comparison of 
two types of fire detectors: one uses an 
inorganic salt as a sensing element along 
with a magnetic amplifier control; the 
second, a thermistor sensing unit and a 
relay-operated or transistorized control 
unit. 

Appraisal of the Hazards of Friction- 
Spark Ignition of Aircraft Crash Fires. 
John A. Campbell. U.S., NACA TN 
4024, May, 1957. Investigation 
to determine which aircraft metals sliding 
over a runway would ignite spilled combus- 
tibles by fraction sparks, and to find the 
slide speeds and the bearing pressures 
under which such ignition would occur, 

A Look at United States Air Force 
Helicopter Accidents Caused by Pilot 
Error—1956. A//S J., Apr., 1957, p. 65. 


23 pp 


Space Travel 


Space Exploration: The New Chal- 
lenge to the Electronics Industry. Henry 
E. Prew. J. Astronautics, Spring, 1957, 
pp. 9-15. Discussion of the need for a 
two-way radio data link to help in the re- 
mote control of a space research vehicle 
and presentation of preliminary perform 
ance data for such a system 

Project Vanguard Earth Satellite Ve- 
hicle Program; Characteristics, Testing, 
Guidance, Control, and Tracking. F. I. 
Ordway, III. Astronautica Acta, Fase. 
1, 1957, pp. 67-86 

Accelerative Forces Associated with 
Leaving and Re-Entering the Earth’s 
Gravitational Field. Rufus R. Hessberg, 
Jr. J. Astronautics, Spring, 1957, pp. 
6-8. Discussion of human experiments 
under acceleration forces, and presenta- 
tion of theoretical calculations for these 
forces. 

The Uses of Artificial Satellite Vehicles. 
II. H. E. Canney, Jr., and F. I. Ordway, 
III. (6th I.A.F. Cong., Copenhagen, Aug. 
4, 1955.) Astronautica Acta, Fase. 1, 1957, 
pp. 1-15. 33 refs. Abridged. Discus- 
sion of the satellite as an observation 
and military base, a communications relay 
station, and a radar beacon. 


19S 7 


Uber die Verwendung von Photoele- 
menten in kiinstlichen Erdsatelliten. 
fried Berger. Raketentech. & Raumfahrt- 
forsch., No. 1, 1957, pp. 22, 23. In 
German. Investigation of the application 
of photoelements in artificial earth satel. 
lites and analysis of the problems which 
arise therefrom. 

Satellite Librations. Appendix | —In- 
tegration of Equation of Dumbbell Os- 
cillation. Appendix I1—Plane Libration 
of a Prolate Spheroid. W. B. Klemperer 
and R. M. Baker, Jr. (7th Internatl. 
Astron. Cong., Rome, Sept., 1956.) Astro- 
nautica Acta, Fase. 1, 1957, pp. 16-27. 
Calculation of oscillations of a satellite 
about the equilibrium attitude from the 
shape and orbital period. 

Meteoric Dust Erosion Problem and its 
Effect on the Earth Satellite. Stuart A 
Hoenig. Aero. Eng. Rev., July, 1957, pp. 
37-40. 16 refs. Review of recent ex- 
periments on penetration and other work 
in the field, and discussion of the effects of 
meteoric impact. Includes a projection of 
future research plans. 

Scientific Instrumentation in IGY Satel- 
lites. Herbert Friedman. Elec. Eng., 
June, 1957, pp. 470-474. 


Structures 


Fatigue-Crack Propagation and Residual 
Static Strength of Built-Up Structures. 
Herbert F. Hardrath and Richard E. 
Whaley. U.S., NACA TN 4012, May, 
1957. 11 pp. Review of fatigue tests 
conducted on box beams and_ tension 
panels. The results indicate that the rate 
of crack propagation is influenced strongly 
by the mode of connecting the skin to 
stringers and by the proportions of areas 
of the skin and stringers. 

Dobér Wymiar6w Konstrukcji Skoru- 
powej. Jerzy Lamparski. Tech. Lotnicza, 
Jan.—Feb., 1957, pp. 2-9. In Polish 
Study of the dimensioning of stressed-skin 
constructions. 

The Brittle Lacquer Technique of Stress 
Analysis as Applied to Anisotropic Ma- 
terials. J. H. Cunningham and J. M. 
Yavorsky. Soc. Exper. Stress Anal., 
Proc., No. 2, pp. 101-108. (Edited hy C 
V. Mahlmann and W. M. Murray, Cam- 
bridge, Mass., 1957. 174 pp. $6.00). 
Analysis of problems in converting from a 
system of strain trajectories available 
from the brittle lacquer analysis to a sys- 
tem of stress trajectories. 


Bars & Rods 


The Torsion of a Bar with Cross-Section 
in the Form of an Annular Sector, One 
Cross-Section Remaining Plane. Jerzy 
Nowinski. Arch. Mech. Stosowanej (\War- 
saw), No. 9, 1957, pp. 73-87. 

Combined Bending and Tension of 
Round Circular Tubes. B. Saelman 
Des. News, June 1, 1957, pp. 136, 137. 
Presentation of nomographs for combined 
loading conditions where a radius exists 
from which minimum sectional area will 
result. 

Biegungsschwingungen in zusammen- 


gesetzten Staben. Vaclav Voditka 
ZAMM, Jan.-Feb., 1957, pp. 44-51 


In German. Analysis showing the com- 
plicated calculations to which mathemati- 
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CONSULT YOUR 
AERONAUTICAL ENGINEERING CATALOG 


For Names—Current Addresses—General Description of Products of all principal manufacturers of 
aircraft and guided missile components 


Specific product data of these leading companies 
is filed in the current 1957 edition. 


Ace Electronics Associates 

Acme Precision Products, Inc. 

Adel Div., General Metals Corp. 
Aerojet-General Corp. 

Aeroquip Corp. 
Aircraft Radio Corp. 

R. C. Allen Business Machines, Ine. 
The American Brass Co. 
American Metal Hose Div. 

American Felt Co. 

American Screw Co. 

American Seating Co. 

American Steel & Wire Div. 

U.S. Steel Corp. 

Amphenol Electronics Corp. 

Albert & J. M. Anderson Mfg. Co. 

Aveo Defense and Industrial Products 

B & H Instrument Co., Inc. 

Bendix Products Div., Bendix Aviation Corp. 
Caledonia Electronics & Transformer Corp. 
Cannon Electric Co. 

Century Controls Corp. 

Chain Belt Co. 

Chandler-Evans 

Cherry Rivet Div., Townsend Co. 
Cleveland Pneumatic Tool Co. 

Delavan Manufacturing Co. 

Douglas Aircraft Co., Inc. 

Zastern Industries, Inc. 

Kelipse-Pioneer Div.. Bendix Aviation Corp. 
Thomas A. Edison Inc. 

Elastic Stop Nut Corp. of America 
Electrical Engineering & Mfg. Corp. 
Fenwal, Inc. 

Flexonics Corp. 

Ford Instrument Co. 

General Electric Co., Silicone Products Dept. 
G. M. Giannini & Co., Ine. 

Graphite Metallizing Corp. 

Hartwell Aviation Supply Co. 


Hathaway Instrument Div., Hamilton Watch Co. 


The A. W. Haydon Co. 
Jack & Heintz, Inc. 
Johns-Manville 

Joy Manufacturing Co. 
Kawneer Co. 

Kearfott Co., Inc. 
Kelsey-Hayes Co. 


AERONAUTICAL ENGINEERING CATALOG 


An Official Publication 
INSTITUTE OF THE AERONAUTICAL SCIENCES 


2 East 64th Street 


Kenyon Instrument Co., Inc. 

Lavelle Aircraft Corp. 

Lear, Inc. 

Lewis Engineering Co. 

Link-Belt Co. 

The Liquidometer Corp. 

Lisle Corp. 

Lundy Manufacturing Corp. 

Magnetic Amplifiers, Inc. 

Manning, Maxwell & Moore, Inc. 

Marman Div., Aeroquip Corp. 

Marquardt Aircraft Co. 

Meletron Corp. 

Micro Switch Div., Minneapolis-Honey well 
Regulator Co. 

Mine Safety Appliances Co. 

The New York Air Brake Co. 

Pioneer Parachute Co., Inc. 

Revere Corp. of America 

M. H. Rhodes, Inc. 

Rohr Aircraft Corp. 

Rosan Ine. 

Arthur C. Ruge Associates, Ine. 

Ryan Aeronautical Co. 

Safe-Flight Instrument Corp. 

Scott Aviation Corp. 

Sierra Engineering Co. 

Sikorsky Aircraft Div., United Aircraft Corp. 

Simmonds Aerocessories, Inc. 

A. O. Smith Corp. 

Solar Aircraft Co. 

Southwest Products Co. 

Sperry Gyroscope Co. 

Standard Pressed Steel Co. 

Stanley Aviation Corp. 

Sterer Engineering & Mfg. Co. 

F. W. Stewart Corp. 

Stratoflex, Inc. 

Stratos Div., Fairchild Engine & Airplane Corp. 

Swedlow Plastics Co. 

Technical Appliance Corp. 

Vickers, Inc. 

The Weatherhead Co. 

Western Gear Corp. 

Weston Electrical Instrument Corp. 

S.S. White Dental Mfg. Co. 

Wittek Manufacturing Co. 

Zenith Plastics Co. 


New York 21, N.Y. 
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cal investigation of the bending oscilla- 
tions of uniform composite rods leads. 


Cylinders & Shells 


O Statecznosci Elementéw Sprezonych 
Przez Uzwojenie. Czestaw Eimer. Rosz- 
prawy Inzynierskie (Warsaw), 1956, pp. 
545-564. In Polish. Solution of the 
buckling problems for annular elements 
in which the buckling force is due to a 
hooping around the element (by means 
of a prestressed reinforcement). 

Jednokierunkowe Rozciaganie Piers- 
cienia Kolowego. Franciszek Szelagow- 
ski. Rozprawy Inzynierskie (Warsaw), 
1956, pp. 431-489. In Polish. Analysis 
for two cases of unidirectional tension of a 
circular ring: a) a ring having a rigid 
circular inclusion and subjected to a tensile 
load p acting on the periphery of the circle 
of radius Ry, the load being uniformly dis- 
tributed along the diameter; and b) a ring 
subjected to a load p acting on the outer 
circle, of radius Rj, and to a load gq acting 
on the inner circle, of radius R. 

Nonlinear Deflections of Shallow 
Spherical Shells. Edward L. Reiss, Her- 
bert J. Greenberg, and Herbert B. Keller. 
(IAS 25th Annual Meeting, New York, 
Jan. 28-31, 1957, Preprint 663.) J. 
Aero. Sci., July, 1957, pp. 583-548. 16 
refs. 

Local Stresses in Spherical Shells from 
Radial or Moment Loadings. P. P. Bij- 
laard. Welding J., May, 1957, pp. 240- 
243. Presentation of design information 
on deflections, bending moments, and 
membrane forces, from radial loads and 
moments acting on a cylindrical attach- 
ment. Data concerning the influence of 
simultaneous integral pressure are also 
presented. 


Elasticity & Plasticity 


Some General Properties of the Dy- 
namic Amplification Spectra. Y.C. Fung. 
J. Aero. Sci., July, 1957, pp. 547-549. 
Consideration of simple pulses of the na- 
ture of the landing impact loads in order to 
study the general features of the dynamic 
amplification spectra that are not sensi- 
tive to the specific details of the pulse 
history. 

Shtamp, Lezhashchii na Uprugom Polu- 
prostranstve, Modul’ Uprugosti Kotorogo 
Iavliaetsia Stepennoi Funktsiei Glubiny. 
B.G. Korenev. Dokl. Akad. Nauk SSSR, 
Feb. 1, 1957, pp. 823-826. In Russian. 
Study of a die lying on an elastic semi- 
space whose modulus of elasticity is a 
power function of the depth. 

Stresses Due to a Nucleus of Thermo- 
Elastic Strain (i) in an Infinite Elastic 
Solid With Spherical Cavity and (ii) in a 


Solid Elastic Sphere. Brahma Dev 
Sharma. ZAMP, Mar. 25, 1957, pp. 


142-150. Solutions in series form for the 
stresses and displacements in two prob- 
lems: a) an infinite solid with a spheri- 
cal cavity and the heated element located 
some finite distance from the cavity; b) a 
solid sphere at zero temperature with a 
heated nucleus inside it. 


Plates 


The Influence of Stress Distribution in 
the Plate of a Bolt Inserted in a Hole of an 
Infinite Plate Subjected to Simple Tension 


or Compression. Franciszek Szelagowski. 
Arch. Mech. Stosowanej (Warsaw), No. 9, 
1957, pp. 3-18. 

I—Rozciaganie Silami Skupionymi 
Tarczy Nieograniczonej z Otworem Kol- 
owym. II—Rozciaganie Sitami Sku- 
pionymi Tarczy Nieograniczonej z OSrod- 
kiem Sztywnym Zarysu Kolowego. Fran- 
ciszek Szelagowski. Rosprawy Inzynier- 
skie (Warsaw), 1956, pp. 505-521. In 
Polish. Theoretical investigation of two 
infinite plates subjected to tension by 
concentrated forces—one having a cir- 
cular hole and the other having a rigid 
circular inclusion. 


Sandwich Structures 


Performance of Sandwich with Cores of 
Foamed Silicone and Modified Polyester 
Resins at Elevated Temperatures and at 
High Humidity. V.C. Setterholm and E. 
W. Kuenzi. USAF WADC TR 56-230 
{AD 110421], Oct., 1956. 25 pp. Deter- 
mination of compression, tension, and 
shear properties of a plastic sandwich with 
foamed-in-place cores at temperatures 
from 75° to 700°F. 

Stability of Honeycomb Sandwich 
Panels in Shear. R. Nichols. Coll. of 
Aeronautics, Cranfield, Note No. 55, Oct., 
1956. 7 pp. Summary of a theoretical 
and experimental investigation of buck- 
ling of sandwich panels in shear. 

3 Joining Methods for High-Tempera- 
ture Sandwich Construction. A. A. Lan- 
zara. SAE J., May, 1957, pp. 62-64. 
Discussion of brazing, adhesive bonding, 
and resistance welding 


Testing 


Potentialities of the Impact Machine 
for Producing High Accelerations. M. 
Kornhauser. Soc. Exper. Stress Anal., 
Proc., No. 2, pp. 21-32. 10 refs. (Edited 
by C. V. Mahlmann and W. M. Mur- 
ray, Cambridge, Mass., 1957. 174 pp. 
$6.00.) Analysis considering the practical 
limitations in design to explore the upper 
limits of acceleration attainable with a 
useful impact-shock tester, and to suggest 
the proper utilization of such a_high- 
acceleration device. 

Experimental Research on Aircraft 
Structures at Elevated Temperatures. J. 
N. Kotanchik. ‘Soc. Exper. Stress Anal., 
Proc., No. 2, pp. 67-80. (Edited by C. 
V. Mahlmann and W. M. Murray, Cam- 
bridge, Mass., 1957. 174 pp. $6.00.) 
Review of equipment and methods used 
at the NACA Langley Laboratory. 

Analyse des Contraintes sur un Elément 
d’Aérodyne au Moyen des Vernis Photo- 
élastiques. G. Golubovic and G. Berth- 
ier. Fusées, Mar., 1957, pp. 65-68. 
In French. Theoretical and experimental 
analysis of strain in an aerodyne element 
by using photoelastic paint and applying a 
ray of light polarized and reflected from 
the surface studied. 

A Transistorized AM-FM Radio-Link 
Torque Telemeter for Large Rotating 
Shafts. W.R. Campbell and R. F. Suit, 
Jr. Soc. Exper. Stress Anal., Proc., No. 
2, pp. 55-66. (Edited by C. V. Mahl- 
mann and W. M. Murray, Cambridge, 
Mass., 1957. 174 pp. $6.00.) De- 
scription of instrumentation for resistance 
strain gages in which a frequency modu- 
lated signal proportional to shaft torque is 


transmitted from a rotating shaft to q 
stationary receiver and recorder by means 
of radio. 

The Northrop Load Maintainer and 
Load Proportioner System. D. M. Cole, 
Jr., and J. A. Ralls. Soc. Exper. Stress 
Anal., Proc., No. 2, pp. 37-54. (Edited 
by C. V. Mahlmann and W. M. Murray, 
Cambridge, Mass., 1957. 174 pp. $6.00.) 
Description of a load maintainer utilizing 
a servovalve to control the load exerted 
by a hydraulic cylinder. The load pro- 
portioner constitutes a central control 
station where all loads are automatically 
set, applied, monitored, adjusted, and re- 
corded under the direction of one operator 

A Differential Torsion Testing Machine. 
N. H. Cook. Soc. Exper. Stress Anal, 
Proc., No. 2, pp. 155-158. (Edited by 
C. V. Mahlmann and W. M. Murray, 
Cambridge, Mass., 1957. 174 pp. $6.00) 
Method for obtaining torsional  stress- 
strain data that are not ambiguous as to 
strain rate. This is accomplished by 
simultaneously testing two specimens of 
slightly different size and by measuring 
the difference in twisting moment. 

Fatigue Testing at Belfast. Shorts, 
Mar., 1957, pp. 14, 15. Description of 
new equipment for testing aircraft com- 
ponents by imposing heavy, pulsating 
loads on the components over long periods 


Thermal Stress 


Comments on “Investigation of the 
Temperature Distribution and Thermal 
Stresses in a Hypersonic Wing Structure.”’ 
Shih-Yuan Chen. J. Aero. Sci., July, 
1957, pp. 544, 545. 


Thermodynamics 


Ebullition from Solid Surfaces in the 
Absence of a Pre-Existing Gaseous Phase. 
S. G. Bankoff. (Heat Transfer & Fluid 
Mech. Inst., Stanford, June 21-23, 1956.) 
Trans. ASME, May, 1957, pp. 735-740 
19 refs. Extension of the Volmer-Fisher 
nucleation theory to the superheating of 
liquids in contact with various solid bound- 
aries. 

On the Changing Size Spectrum of 
Particle Clouds Undergoing Evaporation, 
Combustion, or Acceleration. A. H 
Shapiro and A. J. Erickson. (Jleat 
Transfer & Fluid Mech. Inst., Stanford, 
June 21-23, 1956.) Trans. ASME, May, 
1957, pp. 775-786; Discussion, pp. 786 
788. ONR-sponsored theoretical investi 
gation to formulate the general differ- 
ential equation governing the concentra- 
tion of particles as a function of size, posi 
tion, and time, for one-dimensional, duct- 
type flows, and to obtain solutions to the 
equation for a number of special problems 
relevant to evaporation and combustion. 

Izuchenie Vnutrennego Treniia « 
Fazakh Vysokokhromistoi Stali. Iu V 
Piguzov. Dokl. Akad. Nauk SSSR, Feb 
1, 1957, pp. 636-639. 11 refs. In Rus- 
sian. Investigation of the internal fric- 
tion in the y- and a-phase of high-chro- 
mium steel. 

On Excess Enthalpy, Flame Extinction 
and Minimum Ignition Energies. S. S 
Penner and F. Williams. Jet Propulsion, 
May, 1957, pp. 544-546. OOR-sup 
ported research. 
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EERING, THE 


BEST OPPORTUNITIES 


ARE 


AVIATION 


AVIATION, THE 
BEST OPPORTUNITIES 
ARE 


TEMCO 


MICROWAVE AND ANTENNA 
ENGINEERS 


Experienced microwave engineers 
are required to perform research, 
development, and design on anten- 
nas, radomes, and microwave com- 
ponents. System engineers are 
needed for system development 
related to microwave receivers, 
Electronic Reconnaissance, Coun- 
termeasures, Radar and Trans- 


ponder Systems. The work will be 
accomplished in the Radiation Lab- 
oratory in relation to prime missile 
and airframe contracts. 


MISSILES AND AIRCRAFT 
ELECTRONICS ENGINEERS 


Engineers with experience in tran- 
sistor applications, pulse and video 
circuits, servomechanisms, general 
circuit design, guidance and radar 


AIRCRAFT CORPORATION Dal/as, Texas 


system analysis, audio circuits, 
electro-optical transducers and 
optics are needed to perform sys- 
tem and detailed circuit design on 
guidance, radar, and television sys- 
tems for guided missiles and high 
performance aircraft. 


INSTRUMENTATION 
ENGINEERS 


To plan, calibrate and evaluate 
instrumentation for flight test 


(including telemetry) and high 
temperature structural test. B. S. 
and/or M. S. degree and at least 
three years experience required. 


SERVO ENGINEERS 


To plan, conduct and report on 
developmental evaluation and qual- 
ifications tests of servo components 
and systems. Three years experience 
and applicable degree required. 


MR. JOE RUSSELL, Engineering Personnel 
Dep’t 170-A, Room 7, Temco Aircraft Corp., 


Box 6191, Dallas, Texas 


Please send me complete details of the Temco story of unusual 
opportunities for creative engineers. | am especially interested in 


NAME 


ADDRESS 


CITY 
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Thermal Conductivity of Nitrogen from 
50° to 500°C. and 1 to 100 Atmospheres. 
R. L. Nuttall and D. C. Ginnings. J. 
Res., May, 1957, pp. 271-278. 16 refs. 
Development of an apparatus for measur- 
ing thermal conductivity of gases. The 
parallel-plate method is used with a spac- 
ing of about 0.5 millimeters between the 
hot plate and the cold plate. It is be- 
lieved that the accuracy of the results is 
about 0.5 per cent, except at the highest 
gas densities. 


Combustion 


Interaction of a Free Flame Front with 
a Turbulence Field. Appendix A, B-— 
Attenuating-Wave Solution for Single- 
Wave Interaction. Appendix C—Atten- 
uating-Wave Solution for Constant-Pres- 
sure Combustion. Maurice Tucker. U. 
S., NACA Rep. 1277, 1956. 19 pp. 23 
refs. Supt. of Doc., Wash., $0.25. Anal- 
ysis using small-perturbation —spectral- 
analysis techniques to obtain the root- 
mean-square flame-generated turbulence 
velocities and the attenuating pressure 
fluctuations stemming from interaction of 
a constant-pressure flame front with a 
field of isotropic turbulence in the absence 
of turbulence decay processes. 


Heat Transfer 


Simplified Equations for Calculating 
Local and Total Heat Flux to Nonisother- 
mal Surfaces. E. R. G. Eckert, J. P. 
Hartnett, and Roland’ Birkebak. J. 
Aero. Sci., July, 1957, pp. 549-551. 
USAF-supported analysis 

Radial Temperature Distribution in an 
Annular Coolant Passage. Henry Bar- 
row. The Engr., May 10, 1957, pp. 713- 
715. Theoretical investigation of the 
fundamental problem of radial tempera- 
ture distribution in a fluid flowing tur- 
bulently in an annulus with a heated core. 

Two Methods for the Numerical Solu- 
tion of Moving-Boundary Problems in 
Diffusion and Heat Flow. J. Crank. 
Quart. J. Mech. & Appl. Math., May, 
1957, pp. 220-231. 

Effect of Axial Fluid Conduction on 
Heat Transfer in the Entrance Regions of 
Parallel Plates and Tubes. P. J. Schnei- 
der. (Heat Transfer & Fluid Mech. Inst., 
Stanford, June 21-23, 1956.) Trans. 
ASME, May, 1957, pp. 765-773. 19 
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refs. Theoretical investigation of the lam- 
inar heat transfer in thermal-energy 
regions of parallel plates and tubes for 
special conditions under which the contri- 
bution of axial fluid conduction is compa- 
rable to, or greater than, the axial convec- 
tion (low Peclet Numbers) 

Solving the Melting Problem Using the 
Electric Analogy to Heat Conduction. D. 
R. Otis. (Heat Transfer @ Fluid Mech. 
Inst., Stanford, June 21-23, 1956.) Trans. 
ASME, May, 1957, pp. 759-764. — Trans- 
formation of the one-dimensional, heat- 
conduction equation with melting at one 
boundary to a form suitable for simulation, 
on an analog computer, of the melting 
process (continuously with time rather 
than stepwise). The number of cells in 
the heat-conduction-circuit analog remains 
constant throughout the solution. 

Steady State Free Thermal Convection 
of Liquid in a Saturated Permeable Me- 
dium. R.A. Wooding. J. Fluid Mech., 
May, 1957, pp. 273-285. Presentation 
of partial differential equations which de- 
scribe steady flow of fluid in saturated, 
homogeneous, permeable solid material 
under nonisothermal conditions. From 
these are derived the equations for flow of 
liquid using suitable approximations and 
making use of empirical laws when neces- 
sary. 


VTOL & STOL 


The Caribou: de Havilland Canada 
Announces Twin-Engined Utility Trans- 
port. de Havilland Gazette, Apr., 1957, 
pp. 48-51. Performance characteristics 
of an STOL transport capable of operating 
from SO00-ft. runways 

Some Aerodynamic Aspects of Propel- 
lers for VTOL Aircraft. Walter T. Grady. 
(AHS 3rd Annual Western Forum, Dallas, 
Oct. 9, 1956.) AHS J., Apr., 1957, pp. 
20-29. Discussion of the problems and 
potential of a conventional propeller for 
VTOL propulsion. Analysis of propeller 
performance and applications to the VTOL 
problem are reviewed. Preliminary pro- 
peller selection and some aerodynamic 
compromises are illustrated. 

De Havilland STOL-Flugzeug DHC-4 
Caribou. Flugwelt, May, 1957, pp. 320- 
322. In German. Design and descrip- 
tion of the de Havilland DHC-4 Caribou 
STOL aircraft. 


A a A 


Reiseflugzeuge, die keine Landeplatze 
bendtigen. Flugwelt, May, 1957, pp 
349, 350. In German. Description of 
STOL aircraft types 


Wind Tunnels & Research 
Facilities 


Hochgeschwindigkeits-Windkanal der 
Aerodynamischen Versuchsanstalt Gét- 
tingen. H. Ludwig. Luftfahrttechnik, 
Apr. 15, 1957, p. 96. In German. De- 
sign and description of the high-speed 
wind tunnel of the Aerodynamic Research 
Institute at Gottingen. 

Trisonic Wind Tunnel Tests from Mach 
0.2 to 3.5. Av. Age, May, 1957, pp. 78, 
79, 80, 838. Description of a 7 X 7-ft. 
blow-down tunnel with a variable nozzle 
and diffuser, and an automatic data-re- 
duction system. 

Wind Tunnel Instrumentation.  Rich- 
ard R. Steiner. Instruments & Automa- 
tion, May, 1957, pp. 880-882. Discus- 
sion of direct-writing oscillographs used to 
record rapid pressure changes in a super- 
sonic wind tunnel. 

Corriente de Aire Estudiada en un 
Modelo en Miniatura de Tuneles Aero- 
dinamicos de Chorro-Humo. Rev. A érea 


Latinoamericana, Apr., 1957, pp. 17-19, 
22,23. In Spanish. Description of flow 


Visualization techniques used in a minia 
ture aerodynamic tunnel for flow studies 

Probing the Atmosphere’s Thermal 
Thicket with China Clay. Benjamin Dia- 
mant. G-E Rev, May, 1957, pp. 28 
30. Basic discussion defining the bound- 
ary layer and Reynolds Number, and 
considering the principle of evaporation as 
a means for temperature measurement, in 
order to explain the china-clay technique 

Test Results of the AGARD Calibration 
Model B and a Modified AGARD Model C 
in the AEDC Transonic Model Tunnel. 
J. R. Milillo and H. L. Chevalier. USAF 
AEDC TN 57-6 [AD 123505], May, 1957 
33 pp. Measurement of the lift, drag, and 
pitching-moment characteristics of the 
AGARD B and C models. The models 
represent 2.5 per cent tunnel blockage and 
are tested through a Mach Number range 
from 0.7 to 1.5, an angle-of-attack range 
from —2° to +10°, and at a Reynolds 
Number (based on body length) of ap 
proximately 8 10° 


PROCEEDINGS OF THE 


FIFTH INTERNATIONAL AERONAUTICAL CONFERENCE 


This 560-page permanent bound volume contains the complete papers and technical discussions pre- 


sented during the Joint IAS-RAeS Conference held in Los Angeles, June, 1955. 
Price: $15 (IAS members), $20 (nonmembers) 


Publications Department 


Institute of the Aeronautical Sciences, Inc. 


2 East 64th Street, New York 21, N.Y. 
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JAS Preprints 


Preprints of National Summer Meeting Papers Currently Available 


RA 
Price 
Thermal Creep Design Criteria 
Robert Goldin $0.35 
The Selection of Structural Materials 
for Supersonic Flight—Donald D 
Cox 0.50 
Some Fundamental Principles of Colli- 
sion Warning—Emory Lakatos 0.35 
System Considerations in Instrument 
Dynamics—Victor Azgapetian 0.35 
Environmental Simulation: A Tool for 
the Contemporary Engineer 
John Cail. 0.35 
Environmental Testing of Avionic 
Equipment—R. H. Douglass, Jr. 0.35 
Principles of Self-Contained Naviga- 
tion—H. H. Bailey 0.35 
Aids to Inertial Navigation—Frederick 
Stevens and Frank W. Lynch 0.35 
Stable Platforms for High-Performance 
Aircraft—R. H. Cannon and D. P. 
Chandler. 0.35 
Executive Aircraft for Business and 
Military—Maj. Gen. J. W. Sessums, 
Jr. 0.35 
Engineering Approach to Business 
Aircraft—Ralph M. Harmon. 0.35 
Contribution of New Concepts in 
erodynamics to Executive Aijr- 
craft—August Raspet 0.35 


Price 


$0. 


0. 
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85 
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0.75 


75 
75 
75 


75 
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743 
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Propjet and Turbojet Business Aijr- 
craft—W.H Arata, Jr. 

The Effects of Vortex and Shock-Ex- 
pansion Fields on Pitch and Yaw 
Instabilities of Supersonic Airplanes 
—Jack N. Nielsen and George E. 
Kaattari 

Analysis of an Electrical Flight Control 
System fer Interceptor Type Aircraft 

Price and R. Westerwick. 

Design Considerations in the Use of 

Powered Augmented Lift Systems— 
Hamilton. 

Research and Development Planning in 

the U.S. Air Force—Lt. Col. Carlo 
Tosti 

Around the Requirement in Thirty 

inutes—Rear Admiral D. J. Welsh. 

Flight Testing of Guided Missiles— 
Milton Kuska 

On Panel Flutter—Y. C. Fung 

The Research Airplane—Past, Present, 
and Future—W. C. Williams and 

rake. 

Airline Technical Requirements Plan- 
ning—Ray D. Kelly 

New Sonic Test Environments & 
Facilities —K. R. Jackman 


Preprints of 25th Annual Meeting Papers Currently Available 


EHects of Leading-Edge Separations on 
Thin Wings in Foca Incom- 
pressible Flow—L. F. Crabtree. 

The Stability of Thin-Walled Unstiffened 
Circular Cylinders Under Axial Com- 
pression Including the Effects of Internal 
Pressure—L. A. Harris, H. S. Suer, W. 
T. Skene, and R. J. Benjamin. 

New Methods in Heat Flow Analysis with 
to Flight Structures—M. 


Suniee and Buckling of Clamped Sand- 
wich Plates—G. A. Thurston. 

Non-Linear Deflections of Shallow Spher- 
ical Shells—E. L. Reiss, H. J. Green- 
berg, and H. B. Keller. 

Favorable Interference in Lifting Systems in 
Supersonic _ Flow—Antonio Ferri, 
Joseph H. Clarke, and Lu Ting. 

Inviscid Hypersonic Flow Past Blunt 
Bodies—Stephen H. Maslen and 

. E. Moeckel. 
Application of Rocket Techniques 


‘o Flutter Testing—W. R. Laidlaw and 
Vv. L. Beals, Jr 
Powerplants for VTOL  Aijrcraft — 


eter G. Kappus. 
System 
K. Morgan. 
Antenna System Problems with High Speed 
Aircraft—F. W. Bushman. 
Airspace Use for Air Traffic Control and 
Air Defense—D. D. Thomas. 
Air 


Standards—Howard 


Common or Uncommon Systems: 
Control and Air Defense-—David 
Israel and Herbert Sherman 
ero Medical Investigation of Aircraft 
Accidents—H oseley. 

The Role of the Pathologist in Aircraft 
Accident Investigations—F. M. Town- 
send, Stembridge, and F. K 

ostofi. 

The Flight Surgeon Aircraft 
Accidents—Carl E. Wilbu 

Technical Bases for Safer Ricd~tlen 
L. Morse. 

An Aerodynamic Screen for Jet Engines— 
Herold Klein. 

The Prediction of Non-Linear Pitching and 
Yawing Motion of Symmetric Missiles— 
Charles H. Murphy, Jr. 

The Effects of Flexibility on the Longitu- 
dinal Dynamic Response of the B-47 Air- 
plane—Henry A. Cole, Stuart C 
Brown, and Euclid C. Holleman. 

Component Developments Influencing Avi- 
ation ang uther Davis, Jr., and 
Lawrence G. R 

Threshold Contect A Slant Visi- 
bility Indication—Charles G. Knudsen 
and William E. Eggert. 

Doppler Navigation—William J. Tull. 


Reliability Requirements for Helicopter 
Flight Controlsk—H. Hecht and 
L. Kaufman. 


$0.50 


0.50 


0.50 
0.35 


0.35 


$0.85 


0.85 


1.00 
0.75 


0.85 
0.75 


0.75 


684 


685 
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The Response of a Bisymmetric Aireraft to 
mall Combined Pitch, Yaw, and Roll 
Control Actions—Robert A. Davis. 

Non-Linear Oscillations of an All-Movable 

Stabilizer at Supersonic Speeds—Allbert 
Richardson, Jr. 

On the Simulation of Random Excitations 
for Airplane Response Investigations on 
Analog Computers—Bernard Mazelsky 
and Harry B. Amey, Jr. 

The a a of an Airfoil with a Moving 
Gust Field—Norman P. Hobbs. 

Vortex Interference Effects on the Aero- 
dynamics of Slender Airplanes and Mis- 
siles—Alvin H. Sacks 

Structural and Impact pom for the Flexible 
Airplane During Water Landings— 
Edward Widmayer, Jr. 

Take-OF# and Landing Distance and Power 
Requirements of Propeller-Driven STOL 
Airplanes—Richard E. Kuhn. 

Cross Coupling Dynamics and the Problems 
of Automatic Control in Rapid Rolls— 
J.D. Welch and R. E. Wilson. 

Rotating Stall in Axial Flow Compressors— 
Jean Fabri and Raymond Siestrunck. 

Differential Delta Three—A Method for 
Improving the Longitudinal Stability of 
the Tandem Helicopter—A. C. Adler. 

Correlation of Helicopter Performance 
Equations—I. A. Sikorsky. 

The Airline Pilot's Concept of Transport 
Performance Requirements—L. Homer 
Mouden. 

General Design Requirements for Crash- 
worthiness and Delethalization of Pas- 
senger Transport Aircraft—A. Howard 
Hasbrook 

Inertial Guidance—Walter Wrigley, Robert 
B. Woodbury, and John Hovorka. (Re- 
vised as FF-16, see pp. 57, 73.) 

Recent Developments in the Method of the 
Rheoelectric Analogy Applied to Aero- 
dynamics—Lucien C. Malavard. 

Experimental Investigation of the Rotating 
Stall in a Sinale Stage Axial Compressor 
—Jacques Valensi. 

Developments in Cooling Systems for Heli- 
copter Power Plants— abl. 

A Rapid Performance Prediction Method 
for Compound Type Rotorcraft—Robert 
D. Foster 

The Jet Wing—John S. Attinello. 

An n Investigntion of the Handling Qualities 

andem _Helicopters—David 
Gebherd and Leonard Goland. 

Investigation of Helicopter Blade Flutter 
and Load Amplification Problems—H 
Daughaday, F. DuWaldt, and C. Gates. 

Flutter Model Testing at Transonic Speeds 
—Walter P. Targof and Richard P. 
White, Jr. 

The Challenge to America’s Leadership in 
Technology—Edward H. Wynn. 
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ARMA, A DIVISION OF AMERICAN BOSCH ARMA COR- 
PORATION 


ASSOCIATED AVIATION UNDERWRITERS 
AVIEN, INC. 

AVRO AIRCRAFT LIMITED 

BAKER STEEL & TUBE COMPANY 

BEECH AIRCRAFT CORPORATION 

BELL AIRCRAFT CORPORATION 

BENDIX AVIATION CORPORATION 

THE BG CORPORATION 
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KOLLSMAN INSTRUMENT CORPORATION 

KOPPERS COMPANY, INC. 
INDUSTRIAL SOUND CONTROL DEPARTMENT 

LAVELLE AIRCRAFT CORPORATION 

LEAR, INCORPORATED 

C. W. LEMMERMAN, INC. 

LIBERTY AIRCRAFT PRODUCTS CORPORATION 

LIBRASCOPE, INCORPORATED 

THE LIQUIDOMETER CORPORATION 

LOCKHEED AIRCRAFT CORPORATION 


LOEWY-HYDROPRESS DIVISION OF BALDWIN-LIMA- 
HAMILTON CORPORATION 


LONGINES-WITTNAUER WATCH COMPANY, INC. 
MANNING, MAXWELL & MOORE, INC. 
MARQUARDT AIRCRAFT COMPANY 

THE MARTIN COMPANY 

McDONNELL AIRCRAFT CORPORATION 
MELETRON CORPORATION 

MID-CONTINENT MFG., INC. 
MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
NATIONAL CREDIT OFFICE, INC. 
NORDEN-KETAY CORPORATION 

NORTH AMERICAN AVIATION, INC. 

NORTHROP AIRCRAFT, INC. 


CorporATE MEMBERS 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 
PACIFIC SCIENTIFIC AEROPRODUCTS 

PAN AMERICAN WORLD AIRWAYS, INC. 

THE RALPH M. PARSONS COMPANY 


PESCO PRODUCTS DIVISION, BORG-WARNER COR 
PORATION 


PHILLIPS PETROLEUM COMPANY 

PIASECKI AIRCRAFT CORPORATION 
RADIOPLANE COMPANY 

THE RAMO-WOOLDRIDGE CORPORATION 
REACTION MOTORS, INC. 

REPUBLIC AVIATION CORPORATION 

E. V. ROBERTS AND ASSOCIATES 

ROHR AIRCRAFT CORPORATION 

PAUL ROSENBERG ASSOCIATES 

RYAN AERONAUTICAL COMPANY 
SANDBERG-SERRELL CORPORATION 

SCHRILLO AERO TOOL ENGINEERING COMPANY 
SER VOMECHANISMS, INC. 

SHAFER BEARING DIVISION, CHAIN BELT COMPANY 
SHELL OIL COMPANY 

SIMMONDS AEROCESSORIES, INC, 

SOCONY MOBIL OIL COMPANY, INC. 

SOLAR AIRCRAFT COMPANY 

SOUTHWEST PRODUCTS CO. 

R, DIXON SPEAS 


SPERRY GYROSCOPE COMPANY DIVISION OF SPERRY 
RAND CORPORATION 


STANDARD OIL COMPANY OF CALIFORNIA 
STANDARD OIL COMPANY (INDIANA) 


STANDARD-THOMSON CORPORATION 
CLIFFORD MANUFACTURING COMPANY 


STANLEY AVIATION CORPORATION 
STROUKOFF AIRCRAFT CORPORATION 
SUMMERS GYROSCOPE COMPANY 
SYSTEMS LABORATORIES CORPORATION 
THIOKOL CHEMICAL CORPORATION 
THOMPSON PRODUCTS, INC. 

TOOLKO ENGINEERING COMPANY 
TRANS WORLD AIRLINES, INC. 

TURBO PRODUCTS, INC. 

UNION CARBIDE CORPORATION 

UNITED AIR LINES, INC. 

UNITED AIRCRAFT CORPORATION 
UNITED STATES AVIATION UNDERWRITERS, INC. 
UNITED STATES RUBBER COMPANY 
VARD, INC. 

VERTOL AIRCRAFT CORPORATION 
VICKERS INCORPORATED 

VITRO CORPORATION OF AMERICA 
WESTERN GEAR CORPORATION 
WESTINGHOUSE ELECTRIC CORPORATION 
WESTON ELECTRICAL INSTRUMENT CORPORATION 
WINDER AIRCRAFT CORPORATION 
WYMAN-GORDON COMPANY 

YOUNG RADIATOR COMPANY 
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Aeronautical Reviews 


ACOUSTICS 


Comparison of the Take-Off Noise Characteris- 
tics of the Caravelle Jet Airliner and of Conven- 
tional Propeller-Driven Airliners. Laymon N 
Miller and Leo L. Beranek. (Presented at the 
Acoustical Society of America, 53rd Meeting, 
New York, May 25, 1957.) Prepared for The 
Port of New York Authority. Cambridge, Mass., 
Bolt Beranek and Newman, Inc., May, 1957. 
44 pp., illus., diagrs., tables. 

Based on noise measurements made at Orly 
Airport, Paris, and at New York International 
Airport, this report concludes that the noise 
characteristics of the Caravelle jet transport 
and those of four-engined propeller-driven trans- 
port planes now in commercial service differ in 
character but, to the hearer, the external sound 
is comparable. Both high and shallow climb 
techniques were employed during these measure- 
ments, which established that the comparative 


noise levels of the Caravelle, when considered in 


terms of subjective response to the spectrum 
distribution of the noise, were equal to or lower 
than those of large propeller aircraft and that the 
Caravelle noise persists for longer time intervals 
than propeller aircraft noise. 

Acoustical Engineering. Harry F. Olson 
Princeton, N.J., D. Van Nostrand Company, Inc., 
1957. 718 pp., diagrs., tables. $13.50. 

This book is based on an earlier work entitled 
Elements of Acoustical Engineering, published in 
1940 and 1947, which originated from a series of 
lectures presented at Columbia University on the 
fundamental principles of modern acoustics. It 
now presents complete working methods, from 
fundamentals to practical applications, covering 
the entire field of acoustical engineering. Two 
chapters have been added dealing with complete 
sound-reproducing systems and communications 
systems. The author, who is Director, Acoustical 
and Electromechanical Research Laboratory, 
RCA Laboratories, has concentrated on the de- 
velopment of analogies between electrical, me- 
chanical, and acoustical systems as a tool in the 
analysis of vibrating systems. The text is aided 
by the use of a large number of formulas, tables, 
and graphs. 

Contents: (1) Sound Waves. 
Radiating Systems. (3) Mechanical Vibrating 
Systems. (4) Dynamical Analogies. (5) Acous- 
tical Elements. (6) Direct Radiator Loudspeakers. 
(7) Horn Loudspeakers. (8) Microphones. (9) 
Miscellaneous Transducers. (10) Measurements. 
(11) Architectural Acoustics and the Collection 
and Dispersion of Sound. (12) Speech, Music 
and Hearing. (13) Complete Sound Reproducing 
Systems. (14) Means for the Communication of 


(2) Acoustical 


Information. (15) Underwater Sound. (16) 
Ultrasonics. Index. 
AERODYNAMICS 


Cours de Mécanique du Vol (A Course in the 
Mechanics of Flight). A.Turcat. Paris, Dunod, 
1957. 151 pp., diagrs., figs. 1,800 fr. In 
French. 

The purpose of this treatise is to bridge the gap 
between the purely theoretical, rigorous treat- 
ment and the text written from the practical 
Point of view. It is based on courses given by 
the author, who is Chief Test Pilot of S.N.C.A- 


. stadt, September 8, 1955). 


BOOKS 


Nord. Although primarily written for those 
engaged in various activities relating to the test- 
ing of aircraft, it is intended also for those, such 
as engineers or pilots, who are concerned in 
other ways with military, commercial, or personal 
aircraft. 

Contents: (1) General. (2) Symmetric Recti- 
linear Horizontal Flight. (3) Symmetrical Recti- 
linear Climbing or Descending Flight. (4) Turn- 
ing Flight or Flight with Vertical Maneuvers. 
(5) Take-Off and Landing. (6) Dissymmetric 


Flight. (7) Flight in Turbulent Air. 
AUTOMATIC CONTROL 
Nichtlineare Regelungsvorginge; Vortriage 


gehalten bei einer Tagung des Fachausschusses 
Regelungsmathematik der Gesellschaft fiir ange- 
wandte Mathematik und Mechanik in Darmstadt 
am 8. September 1955. (Nonlinear Control Proc- 
esses; Addresses Delivered at the Meeting of 
the Control Mathematics Division of the Society 
for Applied Mathematics and Mechanics, Darm- 
Compiled by Wolf- 


gang Hahn. Munich, Verlag R. Oldenbourg, 
1956. 108 pp., illus, figs. DM 14-. In 
German. 


Contents: Das A-Kurven-Verfahren zur Berech 
nung nichtlinearer Regelvorginge (The A- 
Curve Method for the Analysis of Nonlinear 
Control Processes), K. Magnus. Behandlung 
von Regelungsproblemen mit Hysteresis und 
Reibung nach der Methode der Beschreibungs- 
funktion (The Treatment of Control Problems 
with Hysteresis and Friction According to the 
Descriptive Function Method), J. M. L. Janssen 
and J.C. Vermeulen. Behandlung zweier Stabili- 
tatsprobleme mit der zweiten Methode von 
Ljapunov (The Treatment of Two Stability 
Problems with Liapunov’s Second Method), W. 
Hahn. Anwendung der Ljapunovschen Methode 
und des Verfahrens von Krylov-Bogoliubov auf ein 
technisches Beispiel (Application of the Liapunov 
Method and the Krylov-Bogoliubov Method 
to a Technical Example: Automatic Control of 
Aircraft), E. Pestel. Untersuchung eines nicht- 
linearen Regelkreises in einer mehrblattrigen 
Phasenebene (Investigation of a Nonlinear Con- 
trol Circuit in a Multi-Loop Phase Plane), W. 
Haacke. 


AVIATION FACILITIES 


Aviation Facilities Planning; A Report by the 
President’s Special Assistant, Edward P. Curtis. 
Washington, The White House, May 15, 1957. 
51 pp., diagrs. 


For Information on IAS 
Library Services, 
see page 105 


Statements and opinions ex- 
ressed in Book Reviews are to 
e@ understood as individual ex- 

pressions and not necessarily 
those of the Institute. 
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The inability of the existing techniques of traffic 
control to handle the increasing volume ef air 
traffic, particularly under adverse weather condi- 
tions, led the President of the United States in 
February, 1956, to appoint Mr. Curtis as Special 
Assistant for Aviation Facilities Planning. In 
this capacity he was made responsible for: 

(1) The direction and coordination of a long- 
range study of the Nation's requirements for avia- 
tion facilities. 

(2) The development of a comprehensive plan 
for meeting in the most effective and economical 
manner the needs disclosed by the study. 

(3) The formulation of legislative, organiza- 
tional, administrative, and budgetary recom- 
mendations to implement the comprehensive plan 

The report was completed and submitted to the 
President on May 10, 1957, and begins with the 
acknowledgment that American air space is a 
natural resource that is on the verge of exhaustion 
in terms of the system now in place for manag- 
ing free and safe access to this resource. The 
crisis in the making is the consequence of the 
phenomenon by means of which the United States 
is becoming more and more an air community 
and by the continuation of an air traffic method- 
ology that has been made obsolescent by the 
vehicle it was meant to serve. It is considered 
that there is actually no shortage of air space for 
any demand that can now be foreseen and that the 
means are at hand for developing a control sys- 
tem capable of coping with the complex mixture 
of civil and military traffic that now fills the air. 
To further this end, the report calls for an in- 
dependent Federal aviation agency to consolidate 
all management functions necessary to support 
the common needs of military and civil aviation. 

Contents: (1) Introduction. (2) Definition of 
Aviation Facilities. (3) Summary of the Na- 
tional Requirements Through 1975. (4) Sum- 
mary of Plan for National Facilities. (5) Govern- 
ment Organization; The Interim Plan for Or- 
ganization; a Permanent Organization for Na- 
tional Aviation. (5) Financing Aviation Facili- 
ties. 

A Plan for Modernization of the National Sys- 
tem of Aviation Facilities. Preston R. Bassett, 
Chairman, Systems Engineering Team, Office of 
Aviation Facilities Planning, The White House. 
Washington, May 6, 1957. 107 pp., diagrs. 

This report presents a plan for meeting avia- 
tion facilities needs in the United States for the 
next two decades. After an examination of the 
traffic expected over this period, the report ana- 
lyzes the operational desires of the users and dis- 
cusses system design concepts that allow these 
desires to be satisfied. It concludes with a sug- 
gested initial configuration of a modern aviation 
facilities system and a plan of action to ensure the 
continued modernization of this system. Be- 
cause airport capacity may become a limiting fac- 
tor in the whole system, an appendix is devoted 
to a detailed analysis of airports. 

Contents: (1) Introduction. (2) The Air Traffic 
1957-1975. (3) National Aviation Policy. (4) 
Principles of Air Traffic Control: (a) Division of 
Airspace; (b) Minimum Requirements;  (c) 
Flight Paths. (5) System Design Concepts: 
(a) Blocks; (b) Aircraft Position Information; 
(c) Navigation; (d) Communications; (e) Equip- 
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ment Standardization; (f) Data Processing; (g) 
Airports; (h) Air Defense and Air Traffic Control. 
(6) Techniques. (7) System Description. (8) 
Organization. (9) Plan of Action. (10) Conclu- 
sions. (11) Summary of Recommendations. 
Appendices: (a) System Engineering; (b) Princi- 
ples of Air Traffic Control; (c) System Design 
Concepts; (d) Techniques; (e) Initial Configura- 
tion; (f) Airports. 


COMPUTERS 


Computing With Desk Calculators. Walter W 
Varner. New York, Rinehart & Company, Inc., 
1957. 108 pp., tables. $2.00. 

Designed to help the user evolve personal com 
puting techniques for his desk calculator, this 
general instruction manual for beginners also con 
tains a helpful review of unusual and seldom used 
techniques for the experienced user of the com- 
puter. It is written primarily for persons em 
ploying machines to perform different calcula- 
tions, such as cost estimating, evaluation of func- 
tions, interpolation, and statistics and describes 
the principal classes of desk calculators all of 
which have the same common basic computing 
features. Since it is often necessary to check 
double precision calculations performed on large 
scale electronic machines, the text includes con 
siderable work on the fundamental operations on 
numbers larger than the capacity of a desk calcula 
tor. An elementary knowledge of calculus will be 
helpful in dealing with some of the material 
The author is Head, Flight Simulation Labora- 
tory and Computers, Convair Astronautics, A 
Division of General Dynamics Corporation 


DICTIONARIES 


Atomic Dictionary. Eugene 
A_| Carpovich. Technical Dictionaries Co., Box 
147, New York 31, N. Y., 1957. 317 pp. $12 
Prepared for English-speaking researchers who 
deal with Russian-language publications in the 


atomic field, Dr. Carpovich’s work combines the 


functions of general language, polytechnical, and 
special dictionaries. Covering primarily nuclear 
science and nuclear technology, it contains over 
23,000 Russian entries arranged in a single alpha- 
betical list and numerous cross references refer 
ring to synonyms or near-synonyms, closely re- 
lated or derived terms, and to different parts of 
speech, terms of different meaning, or antonyms. 
In addition, it contains many terms taken from 
theoretical, atomic, and molecular physics, phys- 
ics of solids, crystallography, pure and applied 
mathematics, chemistry and chemical engineering, 
metallurgy and metallography, biophysics and 
radiobiology, and medicine and biology. Also 
included are miscellaneous terms used in com 
puting, automatic control, electronics, library 
practice, publishing and printing, and similar 
fields 


ELECTRIC EQUIPMENT 


The Physics of Electrical Contacts. F. Llewel- 
lyg Jones. Oxford, Clarendon Press; New York, 
Oxford University Press, 1957. 219 pp., illus 
diagrs., tables. $5.60. 

The primary purpose of this book is to explain 
the fundamental physical processes involved in 
the operation of electrical contacts and to de- 
scribe investigations of the significant properties 
of the materials used in a contact. With empha- 
sis on the basic physics rather than the design of 
any particular contact, the subject matter ranges 
over electron and ionization physics, the proper- 
ties of thin films and semiconductors, and the be- 
havior of metals at high temperatures. It in- 
cludes a description of some recent research into 
the microphenomena of contact operation 
Though intended in the main for research physi- 
cists and electrical engineers, the text is also suita- 
ble for undergraduate students. The author is 
Professor and Head, Department of Physics, 
University College of Swansea, University of 
Wales. 
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ELECTRONICS 


Proceedings of the RETMA Symposium on 
Applied Reliability, University of Southern Cali- 
fornia, Los Angeles, December 19-20, 1956. 
Sponsored by the Engineering Department 
Radio-Electronics-Television Manufacturers As- 
sociation. Engineering Publishers, Box 1151, 
New York 1, N.Y., 1957 
$5.00. 

In addition to the papers delivered at the 


151 pp., illus., diagrs., 
tables 


RETMA symposium, there is included a supple- 
ment entitled, ‘A General Guide for Technical 
Reporting of Electronic Systems Reliability 
Measurements.’’ This guide was prepared by 
members of the Systems Reliability Analysis Task 
Group of RETMA'’s Electronic Applications 
Committee (Reliability) 

Contents: Mechanical Reliability: Mechanical 
Reliability in Electronic Design, Arthur H 
Kuriloff. Cosmic Ray Effects on Transistors, 
A. H. Drayner. /nformation Feedback: limita- 
tions of Failure Reporting Systems, H. G. Frid 
dell. Some Advantages of a Sampling System 
for Field Data Reporting, R. C. Schneider and 
N. E. Classon. Guide for Technical Reporting, 
George M Failure Feedback —Is It 
Effective?: Effective Field Failure Feedback, R. L 
Batts. Component Evaluation and Usage: Ac- 
ceptable Airborne Radar Reliability Without 
Further Component Part Improvement, Russell 
H. Lindsay. 


Armour 


Proper Application of Component 
Parts, Key to Reliability Improvement, Karl F. 
McCready. Electronic Components—-Curse or 
Cure?, A. M. Okun. Heat Dissipation in Elec 
tronic Tubes, William D. Campbell. Component 
Evaluation and Usage, Il: Airborne Electronic 
Equipment Herbert G. Jacks 
Trouble Correction in the Convair-San Diego 
Reliability Program, A. M. Small and R. A 
Nichols. Design Techniques to Achieve Relia 
bility in Inertial Sub-Systems, David L. Bjorn 
dahl. Design Considerations of a 10-Watt Trans 
istorized Servo Amplifier, Harold M. Bell 

Proceedings of the RETMA Symposium on 
Reliable Applications of Electron Tubes, Held at 
University of Pennsylvania, May 21-22, 1956. 
Sponsored by the Department, 
Radio-Electronics-Television Manufacturers As 
sociation. Engineering Publishers, Box 1151, 
New York 1, N.Y., 1956. 105 pp., 
tables. $5.00 


Effectiveness 


Engineering 


diagrs., 


Contents: Field Experience as an Aid to 
Reliable Equipment Design: Field Trial Tech 
niques as a Tool to Improve Reliability and Life 
in Electron Tubes, L. F. Moose. Electron Tube 
Misapplication When Uncovered Through Field 
Surveillance, M. H. Norton. Defective Tubes 
Manufacturer or User Responsibility?, R. B 
Wilson. Circuit Session: Keyed Phase Sensitive 
Demodulator, O. Berger Design of Reliable 
Flip-Flop, H. W. Boyd. Series String Applica 
tions of Electron Tubes (Commercial and Mili- 
tary), R. G. Rauth. Application of Low-Mu 
Triodes to Series Regulators, S. Rubin. Panel 
Session: Can Tube Specifications Produce Re 
liable Equipment?, W. R. G. Baker, M. A 
Acheson, N. W. Aram, J. M. Bridges, F. Q 
Gemmill, W. C. Kirk, and C. G 
Planning for Reliable Design: Designing for Re 
liability Through the Proper Application of Tubes, 
C. M. Ryerson. Application Techniques Lead- 
ing to Reliable Circuit Performance, J. J. Hofler 
Mathematical Tools for Reliable Design, E. E 
Brewer. Receiving Tubes: JETEC Industry 
Standardization Towards Reliability, C. E. Coon 
Tube Acceptance Specifications for Television 
Applications, R. G. O'Fallon. Reliability in 
Dissimilar Section Tubes, R. W. Slinkman. Re 
ceiving Tube Reliability Studies, G. H. Gage, Jr 
| Semiconductor Abstracts: Abstracts of Litera- 
ture on Semiconducting and Luminescent Ma- 
terials and Their Applications, Vol. 3, 1955 Issue. 
Compiled by Battelle Memorial Institute; Spon 
sored by the Electrochemical Society, Inc 
New York, John Wiley & Sons, Inc., 1957. 322 
pp. $10 


Walance 


The increased use of semiconductors and lumi 
nescent materials in mew products has led to a 
tremendous expansion in the literature covering 


SS 


the subject matter in these fields. This years 
compilation of abstracts has been prepared 
jointly by members of the Solid State Devices 
Division and the Physical Chemistry Division of 
Battelle Memorial Institute and includes ma 
terial taken from the principal abstract journals 
and papers presented at technical society meet 
ings. Important results are included in most of 
the abstracts, thereby reducing the necessity of 
securing the original article, and special efforts 
were made to include numerical results whenever 
More than 1,200 items are abstracted 
and classified by subject under the broad head 
ings of Germanium; Silicon; Carbon, Selenium 


possible 


and Other Elemental Semiconductors; Inter 
metallics; Sulfides, Selenides, and Tellurides 
Halides; 


Tungstates; Organics; and Theory. 


Oxides; Arsenates, Phosphates, and 
Alphabetic 
subject and author indexes are provided 

The Cathode Ray Oscilloscope, Circuitry and 
Practical Applications. J. Czech. Translated 
from the German by G. E. Luton.  (Philips’ 
Technical Library.) New York, Interscience 
Publishers, Inc., 1957. 340 pp., illus 
$8.50 

The scientist and engineer just becoming ac 


diagrs 


quainted with the technique of oscillography will 
find in this work the results of 20 years’ experience 
dealing with a wide range of practical problems in 
volving the oscilloscope. Details are given for 
the construction, use, and applications of the 
instrument, with more than 600 original oscillo 
grams by the author used to point up its range of 
The concluding chapters of the book 
are devoted to directions for building a simplified 


capabilities 


oscilloscope, a high-precision instrument, and a 
simple time-base expansion unit. 

Contents: Part 1--The Cathode Ray Oscillo 
scope: (1) The Cathode Ray Oscilloscope. (2) 
The Cathode Ray Tube. (3) Power Supply 
(4) The Time Base Generator. (5) Deflection 
Amplifiers. Part 2—General Measuring Tech 
nique: (6) Taking the Oscilloscope into Service 
Adjustment Procedure. (7) Simple Amplitude 
Measurement. (8) The Oscilloscope as Null 
Indicatorin AC Bridge Circuits. (9) The Display 
(10) The Uses of Intensity 
Modulation. (11) Phase Measurements 12) 
Frequency Measurements. Part. 3— Practical 
Examples: (13) Recording the Waveforms of 
Luminous Flux, Current and Voltage of Fluores 
cent Lamps. (14) 


of Hysteresis Loops. 


Investigating Switching 


Phenomena on Electric Light Bulbs. (15) Inves 
tigations on Television Receivers. (16) Measuring 
the Action of ‘‘Between-Lens’’ Shutters. (17) 
Recording the Waveforms of the Luminous Flux 
and Ignition Current of Flash-Bulbs. (18) In 
vestigations on Flash-Bulb Synchronizers. (19) 
Measuring the Travel Time and Investigating 
Line Matching Conditions with Pulsed Voltages 
Part 4—Circutt-Designing: (20) Small Oscillo 
(21) Special Duty Oscilloscope ‘“FTO-2.” 
(22) Simple Time Base Expansion Unit for Dis 
playing Phenomena with the Mains Frequency 


scope 


and Mains-Coupled Television Pulses 


GEOPHYSICS 


Elastic Waves in Layered Media. W. Maurice 
Ewing, Wenceslas S. Jardetzky, and Frank Press 
(Lamont Geological Observatory Contribution 
No. 189.) New York, McGraw-Hill Book Com 
pany, Inc., 1957. 380 pp., diagrs. $10. 

Investigation on earthquake seismology, under 
water sound, and model seismology form the 
basis of this work which covers both the experi 
mental and theoretical aspects of the theory of 
wave propagation in layered media as it relates 
to seismology, geophysical prospecting, and prob 
lems of acoustics and electromagnetism. Topics 
under discussion include observations of surface 
waves from explosions and earthquakes, flexural 
waves in ice, deductions concerning the structure 
of the earth’s crust, model studies using ultra- 
sonic waves, underwater sound propagation in 
shallow water, and SOFAR sound propagation 
Numerous references accompany each chapter 
and form a comprehensive and systematic biblio 
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graphy of the world literature for the main topics 
discussed. 

W. M. Ewing and W. S. Jardetzky are both 
with the Lamont Geological Observatory of 
Columbia University; F. Press is Professor of 
Geophysics, California Institute of Technology. 

Contents: (1) Fundamental Equations and 
Solutions. (2) Homogeneous and Isotropic Half 
Space. (3) Two Semi-Infinite Media in Contact. 
(4) A Layered Half Space. (5) The Effects of 
Gravity, Curvature, and Viscosity. (t) Plates 
and Cylinders. (7) Wave Propagation in Media 
with Variable Velocity. Appendix A, Method of 
Steepest Descent. Appendix B, Rayleigh’s 
Principle 


HYDRAULIC EQUIPMENT 


Aircraft Hydraulic Design. George R. Keller: 
Edited by Allan E. Morris. Cleveland, Applied 
Hydraulics Magazine, 1957. 130 pp.,_ illus., 
diagrs., tables. $4.50. 

Designers of industrial equipment, as well as 
aircraft engineers, will find material of value in 
this treatment of hydraulic component and sys- 
tem design for high-speed piloted aircraft and 
missiles. The book covers various aspects of the 
subject in three broad sections: basic theory 
treating properties of aircraft fluids, hydro- 
mechanics, and fluid flow through tubing; design 
of system components including actuators, valves, 
pumps, accumulators, transmission lines, and 
seals; and hydraulic power servos and high 
temperature hydraulic problems. The chapter 
on high-temperature hydraulics outlines progress 
in fluids, seals, springs, metals, and other critical 
components and indicates future developments 
and techniques. 

The author is Group Leader, Flight Control 
Engineering Department, Autonetics Division, 
North American Aviation, Inc. Mr. Morris is 
Associate Editor, Applied Hydraulics magazine. 


MAGNETOHYDRODYNAMICS 


Magnetohydrodynamics. T.G.;Cowling. New 
York, Interscience Publishers, Inc., 1957. 115 
pp., diagrs. $3.50. 

While the principal emphasis in this tract is on 
the geophysical and astronomical applications of 
magnetohydrodynamics, the author points out 
that its engineering aspects have begun to be rec- 
ognized, and he expresses the hope that this pub- 
lication may assist in expediting developments in 
both fields. 

Magnetohydrodynamics assumes an electrically 
conducting medium, which may be a liquid or an 
ionized gas. Both can be treated in a common 
theory if the ionized gas can be regarded as a 
continuous fluid; this is normally assumed to be 
the case in the present book. The equations ap- 
pearing in the text are the ordinary electromag- 
netic and hydrodynamic equations, modified to 
take account of the interaction between the mo- 
tion of the conducting fluid and the magnetic 
field, thus some knowledge of these equations is 
required of the reader. Vector methods are 
freely used, including transformations involving 
the curl and divergence of vectors, and expres- 
sions in terms of cylindrical polar coordinates 
Dr. Cowling, Professor of Applied Mathematics, 
Leeds University, has supplied numerous refer- 
ences to the most important papers on the sub- 
ject covered by each chapter. 

Contents: (1) General Ideas and Simple Ap- 
plications. (2) Magnetohydrostatics. (3) Wave 
Motion. (4) Magnetic Fields and Instability. 
(5) Dynamo Theories. (6) Ionized Gases 


MATERIALS 


Plansee Proceedings, 1955; Sintered High- 
Temperature and Corrosion-Resistant Materials. 
Papers Presented at the Second Plansee Seminar, 
“De Re Metallica,’ Held June 19-23, 1955, 
Reutte/Tyrol. Reutte/Tyrol, Metallwerk Plan- 
see G.m.b.H.; London, New York, Pergamon 
Press, 1956. 472 pp., illus., figs. $11. 

The first Plansee Seminar, held in 1952, 
covered the entire field of powder metallurgy. 
This second seminar is restricted to a more limited 
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ENGINEERS: THE WONDERFUL 
COMMERCIAL JET ERA IS 
OPENING UP AT TWA 


If you are seeking an opportunity to further your career with a 
fine company . . . look no further. 
TWA presently has openings for Aeronautical, Mechanical, Elec- 
trical and Electronic Engineers to work with a small, select 
group of engineering associates. This arrangement gives each 
engineer the opportunity to demonstrate his ability and to 
advance within the company ... the opportunity to build his 
future with the world’s finest airline. 
Qualifications: B.S. in Engineering. 
Location: TWA’s ultra modern building now nearing comple- 
tion at Kansas City, Mo. 
Living Conditions: Excellent, both city or suburban private 
homes or apartments. 
Benefits: Many employee benefits, including liberal free 
transportation for yourself and family each year. 
Salary: Commensurate with experience. 
If you are an engineer with qualifications in any 
of these fields, explore your opportunity with 
TWA today. Write: 


Mr. R. Paul Day, Employment Manager 


TRANS WORLD AIRLINES 


Kansas City 5, Missouri 


FOR RESEARCH AND DEVELOPMENT 
Weapons Systems Evaluation 


Evaluation and synthesis of comprehensive systems designed to aug t and ex- 
tend the air defense capabilities. Problems include: operations analysis, long 
range detection, tracking, digital communications and data handling, human 
factors, computer applications, guidance and flight control, weapons delivery and 
weapons effects. The work requires familiarity with the operating characteristics 
of current and projected electronic systems applicable to air defense. This 
particular assignment requires initial residence in Albuquerque, New Mexico for 
about one year and relocation expenses will be paid. 


Theoretical Physics 

Ph.D. to conduct theoretical research in the behavior of gases and/or solids at 
extremely high temperatures considering radiation transport gnd the absorption 
and emmission of radiation in simple gases at both molecular and atomic frequencies. 


WHAT ALLIED RESEARCH OFFERS YOU 


* The challenge of a wide variety of original research and development 
programs for government and industry 

* A salary limited only by your ability 

* Asecure and permanent position in a company that has never stopped growing 

* Management by and for research men... prompt recognition of your in- 
dividual contributions. 


Gi 7) Send resume to D, J. Fink, Chief Engineer 


ALLIED RESEARCH ASSOCIATES, INC. 


44 Leon Street Boston, Mass. Arrison 7-2434 
RESEARCH @ ENGINEERING e DEVELOPMENT 
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field: sintered high-temperature and corrosion- 
resistant materials. 

In the age of jet and rocket engines and at the 
initial stages of the peaceful utilization of nuclear 
energy, materials retaining strength and corrosion 
resistance at high temperatures are of outstanding, 
even fundamental, significance. To increase the 
efficiency of the above-mentioned engines, mark- 
edly higher operating temperatures re- 
quired. As far as the corrosion resistance of sin 
tered materials is concerned, this is of special im 
portance for the chemical industry and in par 
ticular for the construction of nuclear reactors 
The refractory metals and their alloys, the ce 
mented carbides and borides, and oxide-metal 
combinations can, in most cases, be processed 
exclusively by techniques of powder metallurgy 

In consideration of these viewpoints, the 
papers collected in these Proceedings have been 
The first part deals with 
theoretical problems. The second, and largest, 


classified in four parts 


part is concerned with the most promising metallic 
hard materials of the type of the refractory car- 
bides, borides, and silicides and the special prod- 
ucts prepared on the basis of these materials. 
In the third part the refractory transition metals 
and their alloys are discussed. The fourth part 
collects the papers on combinations of metallic 
Of the 38 papers 
published, half are in German, 15 are in English, 


and nonmetallic components 


and four are in French 

Physics of Non-Destructive Testing; With 
Particular Reference to Some of the New As- 
pects. (British Journal of Applied Physics, 
Supplement No. 6.) London, The Institute of 
Physics, 1957. 71 pp., illus., diagrs. 25s. 

Contents: Some Aspects of the Mechanical 
Testing of Non-Metallic Solids, H. Kolsky. Sym 
posium on Optical and Surface Methods of Non- 
Destructive Testing, S. Tolansky, R. W. B. 
Stephens, and O. S. Heavens. The Potentialities 
of X-Ray Diffraction Studies in Non-Destructive 
Testing, J. R. Rait and H.S. Peiser. Symposium 
on Principles of Penetrant Methods, H. L. Carson, 
W. G. Cook, and R. Schnurmann. Magnetic 
Properties and the Structure of Metals, W 
Sucksmith. Principles and Applications of Nu- 
clear Magnetic Resonance, L. E. Drain. Optical 
Fluorescence in Non-Destructive Testing, W. A 
The Effects of Penetrating Radia 
tions on Materials, S. F. Pugh. Physical Meth- 
ods in Medical Diagnosis, C. B. Allsopp. The De 
tection of Fatigue in Metals, R. F. Hanstock 
Structural Changes and Energy Dissipation Dur- 
ing Fatigue in Copper, N. Thompson and N. J. 
Wadsworth. Measurement of Elastic Constants 
by the Ultrasonic Pulse Method, M. F. Markham 
The Testing of Fibres and their Molecular Struc- 


Runciman 


ture, P. T. Barrett. Subject Index. Name 
Index 
The Ch ry of Orga tallic Comp d 


Eugene G, Rochow, Dallas T. Hurd, and Richard 
N. Lewis.” New York, John Wiley & Sons, Inc., 
1957. 344 pp., diagrs., tables. $8.50. 

This comprehensive, unified coverage of the 
theoretical, factual, and practical aspects of 
organometallic compounds offers a survey of the 
field up to 1956 and presents a review of the 
structure and physical properties, the preparation, 
chemical reactions, and application of these com- 
pounds. The subject matter has been organized 
on the basis of the general properties of the carbon- 
metal bond; electronegativity and bond polarity 
have been used freely as indicative of the type of 
organometallic compound to be expected in a 
given instance. Topics of interest include sand- 
wich compounds, bridge compounds, fluorinated 
organometallic compounds, organometallic com- 
plexions, the new pentaalky] compounds of the 
group 5 elements, organometallic compounds in 
anionic polymerization—especially the ‘‘Ziegler 
process’’ for making polyethylene, and the typical 
as well as ‘“‘abnormal"’ reactions with organic 
compounds 


MATHEMATICS 


Cours de Mathématiques (A Course in Mathe- 
matics). J. Bass. Paris, Masson et Cie, 1956 
916 pp., figs. 8500fr. In French 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 


This book represents, with certain additions, 
the material taught by the author at the Ecole 
Nationale Supérieure de 1’ Aéronautique and at the 
Ecole Nationale Supérieure des Mines, Paris 
It is not a treatise on applied mathematics, nor 
does the reader need to have previous technical 
knowledge. It is rather an aid to the acquisition 
of new mathematical knowledge that can ulti 
mately be used in the study of mechanics, hydro 
dynamics, the resistance of materials, general 
physics, and electricity Each chapter is fol 
lowed by an annotated bibliography and exer 
cises. One chapter is devoted to the theory and 
practice of common mechanical integrators 
(planimeters, integraphs, harmonic analyzers) 
and another to nomography and nomograms. 

Contents: (1) Linear Algebra, (2) Simple 
Integrals. (3) Functions Defined by Series or 
Integrals. (4) Curves, Curvilinear Integrals, 
Applications. (5) Surfaces, Multiple Integrals, 
(7) Dit 
(8) Equations 
with Partial Derivatives, Potentials 


Applications. (6) Analytic Functions 
ferential Equations and Systems 
Appendix 
A: Calculus of Variations. Appendix B: Nomo 
grams. Formulas. Index of Mathematicians 
Cited. General Bibliography. Alphabetic Sub 
ject Index (35 pages) 

An Introduction to Diophantine Approximation. 
J. W.S. Cassels. (Cambridge Tracts in Mathe 
matics and Mathematical Physics, No. 45.) 
Cambridge, University Press; New York, Cam- 
bridge University Press, 1957. 166 pp. $4.00. 

In this introduction to a branch of pure mathe 
matics, the beginner will find a survey of the pres- 
ent state of knowledge concerning Diophantine 
approximation; the expert will find much ma- 
terial that is new in form or substance. Little 
more than the rudiments of number theory is re- 
quired for comprehension by an undergraduate, 
and for such a reader the tract is self-contained, 
except that the elements of Lebesgue theory and 
of algebraic number theory are presupposed in 
Much of the book deals 
with developments since 1936, and there is a 


the last two chapters 


useful select bibliography which refers to the most 
The author is a 
Fellow of Trinity College, Cambridge, and Lec 


recent publications in this field 


turer in Mathematics in the University of Cam- 
bridge 

Contents: (1) Homogeneous Approximation 
(2) The Markoff Chain. (3) Inhomogeneous 
Approximation. (4) Uniform Distribution. (5) 
Transference Theorems. (6) Rational Approxi 
mation to Algebraic Numbers. Roth's Theorem 
(7) Metrical Theory. (8) The Pisot-Vijayara 
ghavan Numbers 


METEORS 


Meteors. Symposium on Meteor Physics, 
July, 1954, fSdrell Bank Experimental Station, 
University of Manchester. Edited by T. R 
Kaiser. | (Journal of Atmospheric and Terrestrial 
Physics, Special Supplement, Vol. 2.) London, 
New York, Pergamon Press, 1955. 204 pp., 
illus., diagrs., tables. $8.50. 

The thirty-nine papers published in this volume 
were presented by delegates from ten countries 
including the United Kingdom, Czechoslovakia, 
the U.S.S.R., and the United States. They cover 
the physical problems of meteors and their inter- 
action with the terrestrial atmosphere. Specific 
astronomical questions are also discussed, and the 
volume concludes with reviews of current and 
future research programs in various countries 
especially in relation to the International Geo- 
physical Year. 

Contents: Heat Transfer and the Ablation 
Process in Meteors, R. N. Thomas. The Nature 
of Meteoric Radiation, A. F. Cook. On Meteor 
Luminosity and Ionization, F. L. Whipple. 
Meteor Ionizing and Luminous Efficiencies, S 
Evans and J. E. Hall. Collisions Between 
Heavy Particles, B. L. Moiseiwitsch. Atomic 
Collisions in Meteor Trails, D. W. Sida. Meteor 
Excitation, Ionization and Atomic Luminous 
Efficiency, E. J. Opik. The Masses and Structure 
of Meteors, E. J. Opik. Fragmentation as the 
Cause of the Faint-Meteor Anomaly, L. G. Jac- 
chia. Relationship Between Masses and Visual 


Magnitudes of Meteors, H. K. Kallman. The 
Interpretation of Radio Echoes trom Meteor 
Trails, T. R. Kaiser. The Meteoric Head Echo 
D. W. R. McKinley. Observations of Polariza 
tion Effects in Radio Echoes from Meteor Trails 
E. R. Billam and I. C. Browne 
the Ionosphere Deduced from Meteors, F. Link 
Contribution of Meteoritic Material to the 
Atmospheric Absorption, F. Link. 


Seale Height in 


At mospheric 
Corrections to Meteor Velocities and the Atmos 
phere Density Gradient, Z. Ceplecha Atmos 
pheric Pressures and Scale Heights from Radiv 
Echo Observations of Meteors, S. Evans. Winds 
in the Lower E-Region, J. S. Greenhow and F. | 
Neufeld 
E-Layer, L. Neuzil 


Meteoric Influences on the Sporadic 
Meteor Ionization and the 
E-Layer, M Nicolet. Meteor 
Ionization in the E-Region, M. Dubin The 
Incident Flux of Meteors and the Total Meteoric 
Ionization, T. R. Kaiser. Physical Theory of 
Meteors and the Study of the Structure of the 
Complex of Meteor Bodies on the Basis of Visual 


Night-Time 


Meteor Observations, B. J. Levin. Origin of the 
Zodiacal Cloud, F. L. Whipple. Diffuse Matter 
in the Solar System, H. Siedentopt. A New 
Technique for Eclipse Observations of the Solar 
Corona, C. W. Allen. On the Velocities and 
Orbits of Meteors, Fireballs, and Metecriies 
F. L. Whipple and R. F. Hughes. Radio Meas 
urements of Individual Meteor Orbits, J. G 
Davies. On the Activity of Telescopic Meteors 
Margaret Kresak and L. Kresak. The Direction 
Distribution of Telescopic Meteors, L. Kresak 
On Some Recently Observed Fireballs, J. van 
Diggelen and C. de Jager. Meteor Streams at 
Early Stages of Evolution, M. Plavec. The 
Giacobinid Meteor Shower, J. G. Davies. Sikhote 
Aline Meteorite, V. G. Fessenkov. Meteors and 
the International Geophysical Year, A. C. B 
Lovell. Meteor Studies in the Soviet Union 
V. V. Fedynsky. Meteor Investigations at the 
Stalinabad Astronomical Observatory, L. A 
Katassev. Radio-Echo Observations of Meteors 
in the Southern Hemisphere, A. A. Weiss. Radar 
Meteor Research in New Zealand.C D. Elilyett 


PRODUCTION 


The Casting of Steel. Edited by W. C. Newell 
New York, Philosophical Library, 1957 599 pp 
illus., diagrs., tables. $27.50 

Steel founders, metallurgical students, and en 
gineers will find this profusely illustrated work a 
reliable guide to the technical aspects involved in 
the production of steel castings. The scope of the 
book includes basic principles and their applica 
tions, practical methods for quality control 
testing and inspection, and economic considera 
tions such as the mechanization of the steel 
foundry and the reclamation of molding sands. The 
material of the text is composed of contributions 
by fifteen leading British authorities in the field 
and has been edited by the former Head of Steel 
Castings Division, British Iron and Steel Re 
search Association 

Contents: (1) Properties of the Liquid Metal 
(2) The Mechanism of Solidification. (3) The 
Melting Process. (4) The Use of Refractories 
(5) Pattern Making. (6) Mould Preparation 
and Coremaking. (7) Casting into Sand Moulds 
(8) Centrifugal Formation of Castings. (9) The 
Investment Casting Process. (10) The Heat 
Treatment and Properties of Steel Castings. (11) 
Mechanical Testing— Physical Properties—Speci 
fications. (12) Radiography. (13) Non-Destruc 
tive Testing (Methods Other Than Radiography) 
Index 


PUMPS 


Pump Selection and Application, Tyler G 
Hicks. New York, McGraw-Hill Book Company 
Inc., 1957. 422 pp., illus., diagrs. $8.50 

To achieve economy and efficiency in the broad 
field of industrial pumping, detailed procedures 
are presented for analyzing a pumping problem 
finding the most suitable commercial pump for the 
job, and applying this pump to the conditions 
encountered. 


Chet 
artis. 
4 
Rion. 


in. The 
Meteor 
ad Echo 
Pol ifiza 
w Trails 
leight in 
F. Link 
to the 
lospheric 
» Atmos 
Atmos 
n Radio 
Winds 
nd 
Sporadic 
and the 
Meteor 
n The 
Meteoric 
lcory of 
of the 
f Visual 
n of the 
Matter 
A New 


irection 
Kresak 
J. van 
ams at 
The 
ikhote 
ws and 
Cc. B 
Union 
at the 
I A 
leteors 
Radar 
yvett 


rewell 


19 pp 


nd en 
vork a 
ved in 
of the 
yplica 
ntrol, 
idera 
steel 
. The 
tions 
> field 
Steel 
Re 


Tetal 
The 
‘ation 
| The 
Heat 
(11) 
peci 
truc 
phy) 


anv 


road 
lures 
lem 
r the 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1957 


Have You Ordered Your Copy? 
of the 


1957 EDITION 
of the 


AERONAUTICAL ENGINEERING 
CATALOG 


COMPLETELY REVISED AND STREAMLINED to include new items of equipment, new 
companies, and changes of address, the 1957 AERONAUTICAL ENGINEERING CATALOG 
is a complete self-contained informational service on aviation’s components manufac- 
turers and the products they are equipped to supply. Order your copy today. The 


supply is limited. 


FEATURES: 


@ A MASTER FILE of company catalogs 
covering a wide range of aircraft products. 
Page after page of specifications and technical 
data on the products of leading manufacturers 
of aircraft components. 


e NAMES, ADDRESSES, AND DESCRIP- 
TION OF PRODUCTS of all principal manu- 
facturers of aircraft and guided missile materi- 
als, components, and equipment. Arranged 
alphabetically by company name. 


@ 30,000 MANUFACTURERS’ LISTINGS— 
A complete guide to the vendors of over 2,000 
aircraft and guided missile parts, materials, 
accessories, and equipment. Arranged alpha- 
betically by product. Completely cross-in- 
dexed. Reliable sources are screened carefully 
each year to insure accurate listing of every 
known company supplying the aviation in- 
dustry. 


ORDER YOUR COPY TODAY — THE SUPPLY IS LIMITED 


IAS MEMBERS: One Copy Free of Charge on Request only. (Please give grade of 
membership, position, and company affiliation.) Additional Copies $7.50 Each. 


NONMEMBERS: $7.50 Per Copy Postpaid. (Check or Money Order must accompany 


order.) 


Compiled and Published Annually by: 


INSTITUTE OF THE AERONAUTICAL SCIENCES 
2 East 64th Street 


New York 21, N.Y. 
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EXECUTIVE 
STAFF SCIENTIST 


Reporting directly to the Executive 
Engineer of a leading Ballistic 
Missiles Systems contractor in mid- 
west. To serve as organizer, ad- 
visor and permanent secretary to a 
corporate Scientific Advisory Board. 
Must have demonstrated ability to 
advise and assist in research plans 
and engineering organization. Will 
evaluate technical forward plans 
concerning the guided missile in- 
dustry in general with special atten- 
tion to the development of new 
products and techniques. Will ad- 
vise on matters of research and de- 
velopment, personnel and organiza- 
tion. 


Will participate as a representa- 
tive to governmental and technical 
agencies and committees. 


All replies will be held in strict 


contidence. 
I} Please submit complete resume to: 
Box 821 


Aeronautical 


Engineering Review 
2 East 64th St. 
New York 21, N.Y. 


AERONAUTICAL ENGINEERING 


RESEARCH 
IN MECHANICS 


Skilled, experienced — engineer 
required for analytical mechanics 
research in elastic and__ plastic 
stress-strain characteristics of met- 
als as applied to static and dynamic 

| problems of metal working and 

| fabrication, and for the generation 
of design strength data for new 
structural applications. 

Salary, commensurate with ex- 
perience and training, reflects the 
responsibilities and opportunities 
of this position. Excellent benefits 
program including life insurance, 
retirement and savings plans. Movy- 
ing and relocation allowances. 

Location in the unexcelled Pacific 
Northwest—the most desirable liv- 

‘ ing and working area in the nation. 
All inquiries will be considered 
promptly and in strictest confidence. 


Write: E. Wayne Everhart, 
Administrative Assistant 


ce Department of Metallurgical 
Research 


KAISER ALUMINUM & 
CHEMICAL CORPORATION 


Spokane 69, Washington 


Separate chapters of the text are allotted to the 
specific pumping problems of each of a number of 
industries, including power-plant services, nu- 
clear-energy applications, petroleum, chemicals, 


paper, textiles, rubber, food, water supply, 
sewage, air conditioning, heating, irrigation, flood 
control, mining, construction, marine, hydraulic, 
iron, and steel The author is Instructor in 
Mechanical Engineering, Cooper Union School of 


Engineering 


ROTATING WING AIRCRAFT 


Proceedings of the Thirteenth Annual National 
Forum, Washington, May 8 11,1957. New York, 
American Helicopter Society, 1957, 139 pp., 
diagrs., tables. $7.50 

Contents: Helicopter 
Metal Rotor 
Linnabery 


Design and Development: 
Blade Development, George H 


Closing the Loop on Automatic 


Stabilization Equipment, Walter Gerstenberger 
and Edward § Carter, Jr Pest Experience With 
the T58 Engine, Newell N T53 Flight 
Test and Test Stand Results, Leroy A. Howard 
VTOL Aircraft Design and 
Limitations of a Wing for Low Speed Flight 
John B. Nichols 
VTOL and STOL Propellers, Robert A. Rogers 
Military Aspects of VTOIL 
John L 


Davis 
Development: The 
Compromises Associated With 


Aircraft Development 


Klingenhagen Designing for Crash 


»’ Survival in VTOL Aircraft, A. Howard Hasbrook 


Stability and Control of Propeller-Driven Trans 
port VTOL Airplanes, Robert H. Kirby. Theory 
and Test: Determination of Flapwise Load Dis- 
tribution on a Rotor Blade from Measured Strain 
and Rotor Data, Herbert Somerson Physical 
Interpretation of Helicopter Chordwise Vibration 
William B. Gevarter) On a Type of Low-Ad 
vance-Ratio Blade Flapping Instability of Three 
or-More-Bladed Rotors Without 
Kurt H. Hohenemser 
mental Study of the Coupled Flap Bending and 


Drag Hinges 
Pheoretical and Experi 


Torsion Aero-Elastic Vibrations of a Helicopter 
Rotor Blade, Peter |} Leone A Parametric 
Analysis Method for Rotor Blade Structural De- 
sign, Alex Berman. (Operations and Navigation: 
Helicopter Transport Operations in the North 
Osear N. Tibbetts. Application of the Decca 
Navigation System as an Approach and Landing 
Aid, Harry W 
Helicopter Operation in 


Mitchell the French Army 
Algeria, Thomas R 
Pierpoint and Louis J. Geier 

Hubschrauberverkehr (Helicopter Transporta- 
tion). Veraussetzungen und Mdglichkeiten des 
Hubschrauberverkehrs (Assumptions and Possi 
bilities of Helicopter Transportation), C. Pirath 
Raumlage und Gestaltung von Hubschrauber 
flughafen (The Location and Design of Heli 
ports), Carl E. Gerlach Suttgart, Technische 
Hochschule, Verkehrswissenschaftliches Institut 
Forschungsergebnisse, Heft 17.) Berlin, Gét 
tingen, Heidelberg, Springer-Verlag, 1956. 60 
pp.. diagrs., figs. DM 12 

Dr. Pirath’s study opens with a summary his 
tory of helicopter design and a brief discussion of 
safety aspects. He then takes up in detail heli 
copter performance (as it is related to a trans 
portation system and to economic factors), heli 
ports, and subsidies. His conclusions concern 
the suitability of the helicopter for passenger 
freight, and mail operations 

The paper by Dr. Gerlach is divided into nine 
parts 


general operating aspects; the possibilities 


of a special purpose location: obstacles to ap 
proaching and departing flights; dimensions and 
grouping of the operating surfaces; movement 
control problems and separation of airways for 
helicopters and fixed-wing aircraft; operating 
efficiency of heliports; load capacity and con 
struction of take-off and landing surfaces, includ 
ing turf, fabricated surfaces, roofs, platforms, and 
drainage; cost factors of the various types; and 


summary of conclusions 


SAFETY 


Survey of Research Projects in the Field of 
Aviation Safety; Sixth Annual Supplement, 
January, 1957. New York, Les Angeles, The 
Daniel & Florence Guggenheim Aviation Safety 


REVIEW—AUGUST, 


Center at Cornell University, 1957) 11) pp 
$2.00. 

The seventh in a series of annual surveys listing 
information on nonclassified research conducted 
in various fields affecting aviation safety, this re 
port contains several hundred projects not for 
merly listed) In addition, the status of all pre- 
vious projects was checked, and the descriptive 
statements revised to accord with information 
obtained. The section on ‘Completed Projects" 
has been enlarged, and, to obtain the full record 
of any particular subject, the completed project 
In the list of projects 
forming the major portion of this report, entries 


list should be examined. 


for each item include the title, a concise descrip- 
tion of the nature of the problem under investi 
gation, the sponsoring agency and its location 
and a G-number which refers to the project sheet 
in the files of the Aviation Safety Center Phis 
list of projects is arranged by main and subhead 


ings according to the subject and topics involved 


STRUCTURES 


Proceedings of the Society for Experimental 
Stress Analysis, Vol. 14, No. 2. Edited by C. V 
MahImann and W. M. Murray. Cambridge, 
Mass, The Society, 1957 174 pp., illus., diagrs., 
tables. $6 

Contents: Stress Analysis in the Design of a 
Mobile Home, G. M. McClure and E. D. Abra 
ham. On an Electrical Analogy Method for the 
Separation of Principal Stresses along Stress 
Trajectories, P. S. Theocaris. Potentialities of 
Machine for Producing High Ac 
celerations, M Kornhauser. Letter to the 
Editor: ‘Individual Strain Gage Desensitiza 
tion,’ P. K. Stein’ The Northrop Load Main 
tainer and Load Proportioner System, DM 
Cole, Jr, and J. A. Ralls. A’ Transistorized 
AM-FM Radio Link Torque Telemeter for Large 
Rotating Shafts, W R. Campbell and R— F. Suit, 
Ir Experimental Research on Aircraft Struc 
tures at Elevated Temperatures, J. N. Kotanchik 
Dynamic Photoelasticity by Means of Streak 
Photography, M. M. Frocht, P. D. Flynn, and D 
Landsberg 


the Impact 


Developments in the Grid Method 
Durelli 
Riley. The Brittle Lacquer Tech 


of Experimental Stress Analysis, A. J 
and W. F 
nique of Stress Analysis as Applied to Anisotropic 
Materials, J. H. Cunningham and J. M. Yavorsky 
Use of Creep to Determine the Sum of the Princi 
pal Stresses in Two-Dimensional Problems, A. ] 
Durelli and W. F. Riley 
Instrumentation for Transient Elevated Tem 


External Strain-Gage 
peratures, R. C. Geiger and I. Sherlock. Protec 
tion of Underwater SR-4 Strain-Gage Installations 
on Tunnel Liner of a Hydroelectric Develop 
ment, R.S. Barker and J. B. Murtland. Magneto 
strictive Effects in Wire Strain Gages, I. Vigness 
Minimizing Creep of Paper-Base SR-4 Strain 
Gages, M. McWhirter and B. W. Duggin A 
Differential “Torsion Testing Machine, N. H 
Cook 
in the Vicinity of Pipe Appendages to a Cylin 
drical Shell, F. J. Mehringer and W. E. Cooper 

Anisotropic Plates. S.G. Lekhnitskii. (Trans 
lation of Anisotropnye Plastinkt, Moscow, 1947.) 
Translated by Elbridge Z. Stowell. (Contribu 
tions to the Metallurgy of Steel, No. 50.) New 
York, American Iron and Steel Institute, June 
1956. 354 pp., diagrs., tables. 

This systematic exposition of the problems 


Experimental Determinations of Stresses 


connected with the deformation and strength of 
anisotropic plates was written to serve as an aid to 
engineers, aircraft constructors, and physicists 
The work reflects three basic themes: the gen 
eralized state of plane stress for an anisotropic 
plate, the bending of anisotropic plates, and the 
stability of anisotropic plates. Most of the prac 
tical solutions given in the text originate with the 
author and represent the result of 20 years of work 
on the theory of elastic anisotropic plates. The 
bibliography, which lists papers, journals, and 
books by Soviet, French, German, and English 
authors, summarizes the extent and limits of the 
literature available at the time of publication of! 
the original work (1947). 

Contents: (1) Basic Equations of the Theory of 
Elasticity for an Anisotropic Body. (2) The 
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Plane Problem of the Theory of Elasticity for an 
Anisotropic Body (3) The Bending of Aniso- 
tropic Beams and Curved Bars. (4) Stress Dis 
tribution in an Infinite Elastic Medium. (5) 
Stress Concentration Around an Elliptical and a 
Circular Hole. (6) Stress Distribution in an 
Elliptical and in a Circular Plate. (7) An Ap 
proximate Case of Stress Determination in a 
Plate with Weak Anisotropy. (8) Theory of the 
Bending of Anisotropic Plates. (9) Bending of 
Plates under Normal Load. (10) Bending of 
Plates under Loads Distributed Along the Edge 
(11) Transverse Oscillations of a Plate (12) 
Fundamentals of the Theory of Plate Stability 
(13) Stability of a Rectangular Plate and of a 
Strip under Distributed Load. (14) Stability of 
Plates Compressed by Concentrated 
(15) Stability of Plates Reinforced by Stiff Ribs 


Forces 


THERMODYNAMICS 


Principles of Chemical Engineering Thermo- 
dynamics. Ernest D. Wilson and Harold C 
Ries. New York, McGraw-Hill Book Company, 
Inc., 1956. 376 pp., diagrs, tables. $7.50 

This text is written specifically for an under 
graduate course in the chemical-engineering field 
and presents thermodynamics as a tool and a 
method of approach to the solution of industrial 
problems. The various topics of discussion in 
clude the states and properties of matter, the 
first and second laws of thermodynamics, the 
handling and compression of fluids, thermochemi 
cal effects, graphical presentation and interpreta 
tion, steam power plants, refrigeration, thermo 
dynamic potential functions, real gases versus 
ideal gases, phase equilibria, and chemical equi 
librium. The book contains many fully solved 
illustrative problems, and a flow sheet is provided 
showing part of a hypothetical plant which relates 
to problems appearing throughout the text 
Worth noting is the use of a practical, semiempiri 
cal method of estimating free energies of forma 


BOOKS 


tion of solid compounds from solubility data 

The authors are respectively Professor of 
Chemical Engineering and Chemistry, Worcester 
Polytechnic Institute, and a member of Emery 
ville Research Center, Shell Development Com- 
pany 


VIBRATION 


Kolebaniia Uprugikh Sistem (Vibrations of 
Elastic Systems). A. P. Filippov. Kiev, Izda- 


_Ael’stvo Akademii Nauk Ukrainskoi SSR, 1956 


In Russian 
This volume reviews problems connected with 


322 pp., figs. 


the linear vibrations of elastic systems and intro- 
duces methods of calculation which are suitable 
for practical application. Emphasis is placed on 
the calculation of damping, and a large part of 
the book is devoted to the calculation of free and 
forced vibrations of rods and rod systems (beams, 
shafts, two- and three-dimensional frames, sup 
ports, etce.). The author surveys the vibrations 
of circular plates, as well as of rectangular plates 
without reinforcement and with reinforcement in 
one or two directions. A solution is given to the 
problem of the free vibrations of a closed cylin 
drical shell, the ends of which are simply sup- 
ported or rigidly fixed. Also investigated is 
inelastic impact on beams and on circular and 
rectangular plates resting on an elastic founda 
tion. The book is intended for engineers, grad 
uate students, and scientific workers. The 143 
references in the bibliography are principally to 
Russian sources 

Einfiihrung in die Berechnung Mechanischer 
Schwingungen, Band 1. (Introduction to the 
Calculation of Mechanical Vibrations, Vol. 1.) 
A. Weigand. Berlin, VEB Verlag Technik, 1955 
123 pp., figs. In German 

An introduction to the quantitative investiga 
tion of periodic processes in various branches of 
applied physics and technology as they can be 
described by the concepts of classical mechanics 


A A A 


17) 


The fundamentals of differential and integral 
calculus and elementary knowledge of differential 
equations are prerequisites. 

Contents: Vibrations with One Degree of 
Freedom. (1) Introduction; The Concept of 
Vibration (2) Free Vibrations with a Linear 
Characteristic (3) Free Undamped Vibrations 
with a Curved Characteristic. (4) Forced 
Vibrations with a Linear Characteristic. (5) 
Forced Vibrations with a Curved Characteristic. 
(6) Concluding Remarks on the First Volume 
Literature. Subject Index. 


WIND TUNNELS 
Optical Methods for Examining the Flow in 


High-Speed Wind Tunnels. Part 1, Schlieren 
Methods, D. W. Holder and R. J. North. Part 2, 
Interferometer Methods, George P. Wood. 
(AGARDograph No. 23) Paris, NATO, 


AGARD, November, 1956. 148 pp.,_ illus., 
diagrs., tables. Distributed in U.S. by NACA, 
Washington 

This is one of a series of Wind Tunnel AGARD- 
ographs concerned with wind-tunnel design, op- 
eration, and test techniques and was prepared 
with the cooperation of the Air Force Office of 
Scientific Research of the Air Research and De- 
USAF. The paper re- 
views the present state of knowledge concerning 


velopment Command, 


the use of schlieren, direct-shadow, and interferom- 
eter techniques for visualizing and photograph 
ing the flow in high-speed wind tunnels. Empha- 
sis is placed on the most widely used techniques, 
but brief details are also given of methods which 
are in an early stage of development or which are 
useful only in a limited range of investigations 
Information on suitable light sources and photo 
graphic materials is included. 

The authors of Schlieren Methods are with the 
National Physical Laboratory, Teddington, Eng- 
land, and Mr. Wood is with the NACA 


SCIENCES). . 


Second International Aeronautical Conference Proceedings. 
First and Second Convertible Aircraft Congress Proceedings (each) 


Nineteenth Wright Brothers Lecture—Some Structural and Aeroelastic Considerations of High-Speed 
Flight, R. L. from 1956, JOURNAL OF THE 


These may be obtained by writing to: 


SPECIAL IAS PUBLICATIONS 


1954 
1953, 1952, 1951, 1950, 1949, 1948, 1947 (each) ............ 


Second and Third Turbine-Powered Air Transportation Meeting Proceedings (each). 
1956 National Telemetering Conference Record. . 
1955, 1954, and 1953 National Telemetering Conference Record asi: 


Fifth International Aeronautical Conference Proceedings. . . . 


Index to Books on Selected Technical oii in the IAS Library (up to 1950), unbound.......... 


*Add $1.00 for orders outside the U.S.A. 


15.00 


Member Nonmember 
Price rice 


$ 5.00* 
2.50 4.00* 
2.00 3.00* 


3.50 6.00* 
3.50 3:50" 
2.00 2.00* 
20.00* 
5.00* 
5.00* 


5.00 


1.50 
2.00* 


“Fifty Years of Flight'"—A Chronicle of the Aviation Industry in America, 1903-1953, Welman A. 
aoe (Published by Eaton Manufacturing Company. 


Reprinting and Distribution Rights Granted to 


4.50 5.00 


Publications Dept., IAS, 2 E. 64th St., New York 21, N.Y. 
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ENGINEERS—SCIENTISTS 


GENERAL ELECTRIC SELECTED T0 DEVELOP GUIDANCE AND 
FIRE CONTROL SYSTEMS FOR NEW NAVY MISSILE, POLARIS 


New Group Forming as Missile & Ordnance Systems Department 
of G.E. Adds Navy Project to Nose Cone Development Program. 


pare is the most challenging development un- 

dertaken by industry for the Navy since the 
nuclear propulsion program. It is an Intermediate 
Range Ballistic Missile, whose specifications call 
for launching capability from both surface vessels 
and submarines. 


PROBLEMS UNIQUE IN MISSILE TECHNOLOGY 


SHIPBOARD LAUNCHING: INITIAL CONDITIONS 
cy YAW 


STABLE PLATFORM 


TARGET BEARING 


The diagram above presents the primary parameters in- 
volved in shipboard launching of a ballistic missile in its 
simplest form. 


For Polaris, MOSD must not only surmount these initial 
conditions but solve fire control problems more complex than 
heretofore encountered. Pinpoint accuracy in missile guid- 
ance is an impressive accomplishment under the most favor- 
able conditions. But how do you achieve it with a missile 
hurled from a moving platform and aimed at an object 
approximately 1,500 nautical miles away? 


In addition, the Polaris guidance and fire control systems 
must also operate effectively under the difficult conditions 
created by submarine launching. 


HOW IS MOSD EQUIPPED TO SOLVE THESE PROBLEMS? 


As prime contractor for IRBM and ICBM Nose Cone Devel- 
opment, MOSD can draw on a reservoir of top level experi- 
ence and skill. This G-E department also has a backlog of 
significant experience in the development and manufacture 
of Naval Fire Control Equipment, such as range-finders, 
computers and radar antennas. 
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NEW OPPORTUNITIES FOR ENGINEERS 
WITH EXPERIENCE IN THE DEVELOPMENT 
OF GUIDANCE & FIRE CONTROL SYSTEMS 


A new group is now being formed to work on Polaris Missile 
Sub-Systems at MOSD. It will be located at Pittsfield, Mass, 
in the heart of the Berkshire resort and vacation area. 
Openings are at all levels for men with experience in: 


GUIDANCE & ELECTRO-MECHANICAL COMPONENTS 

Design, evaluation of guidance and fire control equipment 

Design, development of electro-mechanical components and 
servomechanisms 


Design, development, evaluation of inertial components, synchros, 
pick-offs, accelerometers, stable platforms, platform gimbals, 
verticals, etc. 


Design, development, fabrication of analog computers for guidance 
and fire control systems 


GUIDANCE & CONTROL SYSTEMS 


Mathematical analysis, feasibility study of control systems and 
techniques 


Synthesis, design, evaluation of guidance and fire control systems 
Laboratory development, testing, modification of control systems 


ELECTRICAL & ELECTRONIC COMPONENTS 
Development of amplifiers and associated circuitry 


Development, packing of electronic, magnetic, transistor servo type 
circuits and components 


Reliability, evaluation, analysis of electronic circuits and 
components 

Design, development of fire control consoles 

Systems integration, design of electrical and electronic components 


Development of electronic and solid state devices, semi-conductors, 
new transistor applications 


OPPORTUNITIES OPEN ON OTHER MISSILE PROGRAMS 
Engineers and Scientists with experience in other areas of 
Electrical Engineering, Aeronautical Engineering. Aero- 
dynamics, Mechanical Engineering, Physics or Mathematics 
should inquire about positions on other missile programs at 
Missile and Ordnance Systems Department. 


AN INVITATION 

: If you would like to contribute to any of the advanced missile 
development programs at MOSD, you are invited to senda resume + 
of your education and experience. Or write us for @ convenient * 


application form. All resumes will be carefully reviewed by the 

MANAGERS of our various technical components. You will be in- 

vited to visit our offices and discuss work we are doing directly with 
4 the Manager with whom you will be working. Communications 
. will be entirely confidential, 
Please send resume to Mr. John Watt, Room 595-12 

| 


MISSILE & ORDNANCE SYSTEMS cc DEPARTMENT 


GENERAL @@ ELECTRIC 


1617 Pennsylvania Bivd., Philadelphia 3, 


Penna. 


| 
ae 
ex 
in 
lo 
tk 
E al 
in 
1 
t 
108 
LN 
| 
CY 
3 
Ss 
| 
fy 
pirectt© 
| 
| 
| 
= 


Tissile 
Mass. 
area, 


hros, 
s, 


type 


nents 
ctors, 


as of 
\ero- 
atics 
ns at 


See 


2 
4 


nna. 


ersonnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
* organizations offering employment to Aeronautical specialists. AAny member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Helicopter Research Engineer -lxperienced 
aeronautical engineer wanted for analytical and 
experimental investigations of complex problems 
in the field of rotor dynamics. The work includes 
study of blade vibration; unsteady aerodynamic 
loading; and flutter characteristics to determine 
their influence on blade life, helicopter vibration, 
and pilot fatigue. Salary and benefits including 
educational opportunities on a par with aircraft 
industry. Write to Nathaniel A. Stimson, Cor- 
nell Aeronautical Laboratory, Inc., 4455 Genesee 
St., Buffalo 21, N.Y. 

Electronic Scientists, Metallurgists, Physicists, 
Technologists and Engineers (Aeronautical, 
Electrical, Electronic, Industrial, General, Me- 
chanical, and Power Plant)—-The Naval Air Ma- 
terial Center, Philadelphia 12, Pa., has an urgent 
need for qualified engineering and scientific per- 
sunnel to fill vacancies in the above positions. The 
Center is currently engaged in an extensive pro- 
gram of aeronautical research development, ex- 
perimentation, and test operations for the ad- 
vancement of Naval aviation. Starting salaries 
range from $4,480 to $7,570 per annum. Applica- 
tion for Federal Employment, Standard Form 57, 
should be filed with the Industrial Relations De- 
partment, Naval Air Material Center, Naval 
Base, Philadelphia 12, Pa. Applications may be 
obtained from the above address or information 
as to where they are available may be obtained 
from any first- or second-class post office. 

Air Technical Intelligence Specialist (Aerody- 
namics), GS-12——A critical vacancy exists at the 
Air Technical Intelligence Center for an Air 
Technical Intelligence Specialist (Aerodynamics), 
GS-12, $7,570 per annum. The purpose of this 
position is to produce finished intelligence esti- 
mating foreign research and development capabili- 
ties in the specialty field of theoretical and applied 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


aerodynamics. Applications should be addressed 
to Commander, Air Technical Intelligence Center, 
Attn.: AFOIN-4X2b, Wright-Patterson AFB, 
Ohio. 

Aeronautical Research Scientists—Basic re- 
search opportunities open with NACA at all levels 
for engineers and physical scientists. Research 
Centers located in Virginia, Ohio, and California. 
Advanced educational opportunities while on full 
pay. Inquiries should be addressed to the Per- 
sonnel Officer at one of the following: NACA 
Langley Aeronautical Laboratory, Langley Field, 
Va.; NACA Ames Aeronautical Laboratory, 
Moffett Field, Calif.; NACA Lewis Flight Pro- 
pulsion Laboratory, Cleveland, Ohio; NACA 
High-Speed Flight Station, Edwards, Calif. 

Chief Engineer—AiResearch Aviation Service 
Company, a division of The Garrett Corporation, 
has an opening for a graduate aeronautical engi- 
neer experienced in air-frame design, systems, 
structures, stress, and aircraft modification. Must 
be familiar with CAA regulations and have engi- 
neering supervisory experience. Send résumé to 
Frank Washburn, AiResearch Aviation Serv- 
ice Company, 6201 West Imperial Highway, Los 
Angeles 45, Calif. 

Engineers—The Missile Test Track Division 
of Holloman Air Development Center, New 


Mexico, needs engineers and technicians to fill 
interesting and challenging positions in a rapidly 
expanding organization. The mission of this 
facility is to accomplish high-speed acceleration- 
deceleration tests on guided missiles and their 
components, simulating the conditions of missile 
launching and landing. Immediate openings 
exist for qualified aeronautical, mechanical, and 
electronic engineers and for technical specialists 
in telemetry, rocket propulsion, communications, 
and optics. Grades range from GS-5 for Bache- 
lor’s degree, no experience, through GS-13 for fully 
qualified applicants. Specialized experience may 
be substituted for formal education in certain 
positions. This Center has a desert climate, with 
85 per cent sunshine, elevation 4,300 ft., very 
mild winters, and pleasant summers. The nearby 
Sacramento Mountains and the Lincoln National 
Forest offer excellent recreational facilities, in- 
cluding winter sports and big game hunting. 
Opportunities provided for graduate study, on 
the base, under the auspices of the University of 
New Mexico, with residence credit. Inquiries 
regarding positions should be directed to Chief, 
Missile Test Track Division (HDWD), Holloman 
Air Development Center, New Mexico. State 
briefly the type of position preferred, together 
with a résumé of qualifications and experience, 
preferably on a Civil Service Form 57 (available 
at any U.S. Post Office). Moving expenses may 
be paid for qualified personnel. 


Guidance System Engineers——The Airborne 
Systems Laboratory, Radio Corporation of 
America, has important openings for engineers in 
preliminary design and evaluation of guidance 
and fire control systems for missile and aircraft 
in air defense. The Laboratory offers the oppor- 
tunity to perform vital defense work in a profes- 
sional atmosphere with recognized leaders. These 
positions require a broad understanding of the 
field plus specialized experience in one or more of 


Douglas Aircraft Co., Inc., Santa Monica, Calif............... 109 
General Electric Co., Philadelphia, Pa., & Cincinnati, Ohio 
Johns Hopkins University, Silver Spring & Chevy Chase, Md...142, 157 
Kaiser Aluminum & Chemical Corp., Spokane, Wash...... cco TO 


INDEX TO ADVERTISERS Seeking Engineering Personnel 


COMPANY AND LOCATION PAGE COMPANY AND LOCATION PAGE 
Aeronutronic Systems, Inc., Glendale & Van Nuys, Calif....... 135 Lockheed Aircraft Corp., Sunnyvale, Calif.......... ...ese0. 79 
Allied Research Associates, Inc., Boston, Mass..............- - 167 Marquardt Aircraft Co., Van Nuys, Calif., & Ogden, Utah..... 80 
Boeing Airplane Co., Seattle, Wash..........++seeereeeeeee oe Minneapolis-Honeywell Regulator Co., Minneapolis, Minn....... 175 
Cornell Aeronautical Laboratory, Inc., Buffalo, N.Y......... Pe 


Southern Calif. Cooperative Wind Tunnel, Pasadena, Calif..... 150 


175 Southwest Research Institute, San Antonio, Tex......... 
Temco Aircraft Corp., Dallas, 
Trans World Airlines, Kansas City, 167 
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To Generate 


Practical Solutions 


to Pressing Problems 


Republic Aviation’s Development Staff has 
important openings for engineers capable 
of solving practical problems in: 


AERODYNAMICS 


FLIGHT DYNAMICS 


THERMODYNAMICS 


The work involves studies of performance, stability, control, flight 


at loads, engine inlets and exits, and aerodynamic heating on atmos: 
ae pheric re-entry. The problems have direct application to vehicles 
os and systems ranging from zero-velocity VTOL craft far into the 
a hypersonic regime of ballistic and glide weapons. 

aan 


Engineers with experience in solving intensely practical problems 
will find staff openings of exceptional reward, and opportunity for 
continued professional growth with the creators of the XF-103 and 
the F-105B Thunderchief ... most powerful supersonic fighter-bomber 
... designed and built under the Weapons System Concept. Graduate 
é engineers with various ranges of experience will discover work levels 
La ne fitting their degree of training and ability. 


Salaries are highly competitive. Benefits are broad and 
intelligent, and include opportunity for advanced aca- 
demic work. Positions are on Long Island, choice among 
Atlantic coast locations for working, living, relaxing. 


Send a comprehensive resume today to 


tet Mr. George R. Hickman, Engineering Employment Manager 
; i You will receive a prompt, personal reply. 


FARMINGDALE 4, LONG ISLAND, N. ¥. 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1957 


the following areas: guidance and fire control, 
techniques, kinematics of air-borne tactics, dy- 
namics, instrumentation, and statistical aspects of 
guidance. The laboratory is located near Boston, 
and our personnel enjoy the cultural, educational, 
and recreational facilities of the location plus 
excellent salaries and benefits. Qualified en 
gineers are invited to write for detailed informa- 
tion by sending their résumés to D. C. Wile, 
Radio Corporation of America, P.O. Box 430, 
Waltham 54, Mass. 

Aeronautical Engineer—To teach lecture and 
laboratory courses. Up-to-date knowledge of 
the field required. Working and living condi- 
tions excellent; salary and opportunity very at 
tractive. Write to Dean of Engineering, Cali 
fornia State Polytechnic College, San Luis 
Obispo, Calif. 

Assistant Professor of Aeronautical Engineer- 
ing ~- Needed to teach structures and other courses 
in A.E. curriculum. M.S. degree required and 
experience desired, but not required. Salary 
commensurate with training and experience 
Opportunities for research. Please forward 
complete details of education, professional ex- 
perience, and personal background to Dean L, 
R. Quarels, School of Engineering, University of 
Virginia, Charlottesville, Va. 

Physicists, A.E., M.E., & E.E.—-Electronic en- 
gineers and scientists, at all levels. Locations in 
Ohio, New York, Massachusetts, California, 
Florida, Texas, and New Mexico. Training and 
graduate study programs. Write to Headquar- 
ters, Air Research and Development Command 
Attn.: RDSPCE, P.O. Box 1395, Baltimore 3 
Md. 


812. Instructor or Assistant Professor — kx- 
panding aeronautical engineering department 
of large New England University requires a man 
to teach undergraduate courses in applied me 
chanics and aerodynamics, starting in September, 
1957. Advanced degree and industrial experi- 
ence required. Salary and academic rank com- 
mensurate with education and experience. In 
applying, enclose résumé of education and ex 
perience and state expected salary. 


Available 


815. Aeronautical Engineer— Desires posi- 
tion in the development of research and engineer- 
ing subject classifications for airplane and guided- 
missile information and in other phases of docu 
mentation of technical reports, or a position in 
technical editing and translation. Sixteen years’ 
experience with the Navy Department in organiz- 
ing and maintaining a bibliographic research 
office; setting up a system of subject classifica- 
tion, abstracting, and reference service; and in 
training personnel in these procedures. Author 
of Subject Classification of Technical Reports and 
other books for the Navy, and editor of The 
Technical Data Digest for the USAF. 

814. Flight Test Engineer—B.A.E. Desires 
responsible position to capitalize on 11 years’ 
experience in planning, directing, and writing 
reports on flight tests of naval, research, and trans 
port aircraft. Background applicable to sales, 
liaison, and administrative engineering. Age 31. 

813. Project Manager—B.S. in C.E., Uni- 
versity of Illinois. Nineteen years’ diversified 
aircraft experience at responsible levels including 
production planning, cost estimating, engineer- 
ing design, and master planning. Extensive 
technical background coupled with proved super- 
visory and administrative ability. Currently in 
charge of major engineering and manufacturing 
program. Prefer West Coast location. Present 
earning $15,000 per annum. Résumé sent upon 
request to those who send particulars in first 
letter. 

811. Representative-Mfg. Agent-Executive - 
Desires association with Government products 
division of commercial equipment firm. Rep- 
resent at Dayton, Ohio, or Southwest preferred. 
B.A. and M.B.A. degrees (Industrial Manage- 
ment). Twenty years’ experience in sales, serv- 
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PERSONNEL OPPORTUNITIES 175 


rontrol, 
Cs, dy- 
pects of 


<= | Unique opportunities 
“= | for production engineers Engineers 


at Honeywell Aero! |] Ser ENGINE DEPARTMENT 


ery at 


r, Cali Several openings exist in this area, 
‘ for qualified men, to work with 
- Honeywell Aero offers you a variety of exciting production our customers — leading aircraft 
Sli engineering projects in the field of aeronautical controls— commercial and military field. 
courses projects such as automatic control systems and components 
° ea for more than 15 of the most advanced Guided Missiles, | YOUR JOB WILL BE TO — 
Ballistic Missiles and Rockets; plus Automatic Flight Con- | 
orward trol Systems for the F-100, F-101 m CF-105 and B-66; and Fuel | programs of the customer. 
el ri Measurement Systems for the T-37, XFY-1 Pogo, P6M Sea- | @ Interpret and evaluate customer 
sli al master, C-130, Boeing 707, Douglas DC-7, Lockheed Electra, test data as applied to engine 
F11F and F-106. 
nic Engineering personnel at Honeywell Aero has more than + 
. . . . 
“te tripled since 1951. Honeywell sales have increased 600% in 
ng and the last 10 years. Growth like this promises a future full of 
dquar- 
opportunities for you. 
imand PP y ; A BS degree with two to five years’ 
lore 3 experience and sound knowledge of 
Here is a partial list of positions 
--Ex- performance. Customer contact 
rtment now open In Minneapolis experience is necessary, you must 
a man be able to make important decisions, 
me Bellows Specialist: Physics or M.E. Degree, 3 years’ expe- eS how to communicate 
ember, . . . . 
rience in high vacuum field. 
aged Production Engineer: 2 years’ experience on electromechan- FURTHER IT WILL 
nd ex ical devices, fine pitch gearing, motors and precision parts. HELP IF YOU HAVE 


EVALUATION OR DESIGN 
EXPERIENCE, KNOWLEDGE OF 
ENGINE PERFORMANCE AND 
GOOD UNDERSTANDING OF 
MARKETING PRINCIPLES. 


Production Engineer: 2 years’ production processing on 
amplifiers, transistor units and servo mechanisms. 

Senior Gyro Engineer: Engineering degree with 5 years’ 
posi- related production experience. Must have ability to lead 


rineer- e i i 

Ve program to produce new gyro or inertial platform designs. ee 
Senior Electronic Engineer: E.E. degree with 5 years’ re- You work in 
lated electronics production experience. To lead electronic your 
‘ganiz- production program. opportunities are exceptional . . . 
search company benefits are liberal. 
sificae Production Engineer: B.S.M.E. or equivalent experience. = 

nd in 3 years’ experience in processing electromechanical devices. 

uthor 

1s and Production Engineer: B.S.E.E. or Physics degree. 3 years’ Many highly 
sii experience in processing electronic devices. Magnetic ampli- responsible 


positions are also 
open in other 
fields for men 


ore fier experience preferred. 


years’ Production Engineer: B.S.M.E., B.S.I.E. or B.S.E.E. 3 


— years’ experience in processing electromechanical assemblies. experienced in 
oct, mechanical and 
WRITE TODAY! aeronautical 
rsified If you are interested in any of the positions above, or want to design of gas 
uding learn more about other outstanding opportunities for Produc- | turbine 

nt tion, Research or Design Engineers at Honeywell Aero, send Components: 
super- a brief résumé of your education and experience to Bruce D. 

ihn Wood, Technical Director, Dept. TA4F, Minneapolis-Honey- Write, in confidence to: 
well, Aero Division, 1433 Stinson Blvd., Minneapolis 13, 

upon Minnesota. 


; Professional Placement, Jet Engine Dept. 
| first Building 501 — Room A-67 POplar 1-1100 
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PROSPECTUS 


CORNELL ABRONAUTICAL LABORATORY 


Men needed: Acronautical engineers and aerodynamicists at all levels 
of experience. Basic ability and interest in research work are usually 
more important than experience in any specific field. 


Type of work: Principally applied research, with complementary 
= activity in both basic research and development. Current C.A.L. projects 
deal with almost every area of research related to modern and future 
flight including: aerodynamics, gasdynamics, propulsion, full scale 
flight research with variable stability aircraft, and wind tunnel research 
from subsonic to hypersonic. Still other C.A.L. projects include the 
study of aeroelastic phenomena, advanced missile and aircraft design, 
and air traffic control studies. 


Description of Organization: C.A.L. is a not-for-profit corporation 
wholly owned by Cornell University. It is financially self-supporting. 
and operated for the purpose of advancing and enlarging scientific and 
engineering knowledge. Toward this end, the value of research com- 
pleted last year rose to 14 million dollars, the 7th consecutive annual — 
increase. C.A.L. has 1150 employees. 


Desirable features of employment at C.A.L.: VARIETY — the 400 
engineers and scientists at C.A.L. are working in 11 technical depart- 
ments, which last year completed 180 projects, both large and small. 
INDIVIDUAL RECOGNITION — the high ratio of contracts per 
engineer, coupled with the Laboratory’s practice of using small research 
teams, allows the recognition of every man’s individual contribution. 
To guarantee this recognition, each man’s progress is reviewed every 
6 months. SALARY —C.A.L. recognizes its need for above average 
professionals, and appreciates that such individuals must be compensated 
accordingly. Annual salary for an Associate Engineer (median of the 
five non-supervisory categories) can exceed $10,000. INTERNAL | 
RESEARCH — each year the Laboratory sets aside substantial sums | 
for the sole use of staff members in support of their exploration of new | 
scientific areas and the generation of new ideas. 


Action to take: If you desire additional information, use the coupon 

to request “A Decade of Research,” a 68 page report on the Laboratory's | 
research programs over the past 10 years. If you are interested in employ- 
ment at C.A.L., check the box below for additional information. All 
inquiries will be treated as confidential. | 


& CORNELL AERONAUTICAL LABORATORY, INC. 
of Cornell University * Buffalo 21, N.Y. 


| W. A. Diefenbach 
iy | CORNELL AERONAUTICAL LABORATORY, INC. | 
2: iat | Buffalo 21, New York | 
wn" fe | Please send me a copy of ‘‘A Decade of Research."' | 
Name | 
Street | 
| 
| chy Zone State 
| | 
: | 0 Please include employment information | 
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ice, and production—Government and industry 
Buyer aircraft equipment (Air Force), Wright 
Field, Ohio. Also field representative and auto- 
motive staff experience. Brochure available. 


810. Project Manager—For aircraft or com- 
ponent manufacturer. Engineer with 20 years’ 
comprehensive, practical experience in engineering 
design, development, and production (prime and 
subcontract) in military aircraft, armaments 
automatic weapons, missiles, and components, in 
steel, aluminum, magnesium, and reinforced 
plastics. Experienced in project planning, de 
partmental and manufacturing coordination, and 
liaison with Governmental agencies and custom- 
ers. Sound knowledge and understanding of 
shop problems. 

809. Mechanical Engineer--Master’s degree: 
wants teaching position or function in the gas- 
turbine field. Experience: 7 years’ teaching, 
calculus, strength of materials, and aerodynamics 
of the gasturbine; 3 years in charge of engineering 
of the engine department of a big air line; 6 years 
gas-turbine performance, aerodynamic design of 
compressor and turbine (4 years as section super- 
visor); 1 year mechanical design of gas turbines 
Extensive experience of IBM programing on CPC 
and 650. Familiar with 704. Pleasant working 
conditions and challenging work more important 
than high salary. Preferred location: California 
or near New York. 


A A A 


THE IAS LIBRARY 


Publications treated in the 
| ‘Aeronautical Reviews” sections 
| are maintained by the Library for 
| 
' 
! 


use by the [AS Membership. They 
are not for sale but are made avail- 
able through the facilities of the 
Library. 


LENDING Services: Institute 
members, both Individual and Cor- 
porate, may borrow periodicals, re- 
ports, and books for a period of 2 
weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 


Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
| Rates on request. 


For detailed information about 
these and other services, write to: 


Institute of the 
Aeronaulical Sciences, Inc. 
2 East 64th Street 


| 

| John J. Glennon, Librarian | 
! 

! 

| 

New York 21, New York 


176 
| 
a 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
ay 
| 
| 
| 
| 
ine 
| 
be, 


industry | 
» Wright 
and auto- e 
lable | 
ble Index to Advertisers 
OF com- 
20 years’ 
gineering | 
rime and * Adel Precision Products, a Div. of General Metals Corp. 20 Kaiser Aluminum & Chemical Corp. 
ments, in Aeronutronic Systems, 135 *Kearfott Co., Inc....... IES 
AiResearch Mfg. Divs., The Garrett Corp. - Wi Walter Kidde & Co., Inc.. nuns ll 
einforced Allegheny Ludlum Steel Corp............. Koppers Co., Inc. 
ning, de Allied Research Associates, Inc... - Industrial Sound Control Dept.............. 147 
tion, and American Brake Shoe Co., Light Metals Dept . Piston Ring & Seal Dept..............- 
American Machine & Foundry Co... -. 1144 
*American & Wire, a Div. of U. 1S. Steel Corp. 
nding of *Amphenol Electronics 
the | 
dynamics Bendix Aviation Corp. Mallory-Sharon Titanium 155 
design of Boeing Airplane 104 Minneapolis-Honey Regulator Co. 
turbines 
zon CPC *Cannon Electric Co..... 26 | 
*Chain Belt Co., Shafer Bearing 89 Narmco Resins & Coatings Co. 30 
mportant CONVAIR, A Div. of General Dynamics Corp.. 9,97 
“alifornia Curtiss-Wright Corp., Propeller 19 
*Dougilas Aircraft Co., Ime. -. 109 
Dow Co., The. 99 
| Radio Corp. of America, Semiconductor Div......... woe 8 
| Republic Aviation 
| Robertshaw-Fulton Controls Co. ... 13 
Eastman Kodak Co., X-ray Div. 103 *Rohr Aircraft Corp. 
Scintilla, a Div. of Bendix “Aviation 
the | Fairchild Engine & Airplane Corp. Shafer earing, a eee 
vail- * Stratos, a Div. of Fairchild Engine & Airplane Corp. “Back ‘Cover 
the Garrett Corp., The, AiResearch Mfg. 
ight Military Electronic Equipment Dept..........-. Worl ai 1 
tute *General Metals Corp., Adel Precision Products Div...... _20 
Union Carbide Corp., Electro Metallurgical Co. Div...... 28 
Goodyear Aircraft Corp.......... 1 «U.S. Steel Corp., American Steel & Wire Div., 
of 2 . Geneva Steel Div., Tennessee Coal & Iron Div., U.S. 
International Nickel Co., Inc., The. 
that 
Johns Hopkins University, The 
Li- Jones & Laughlin Steel Corp... 93 178 
as 
s of 
* Specifications and further information on the aircraft 
products of these companies will be found in the 
pout 
ne 1957 AERONAUTICAL ENGINEERING CATALOG 
The only publication devoted exclusively to the aircraft industry, this 
nm | CATALOG serves as a valuable buyers’ and reference guide to sources and 
specifications on aircraft and missile parts and materials. It is distributed 
C. annually to Chief Engineers, Designers, Production Heads, and Purchasing 
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Manufacturers; Air Transport Companies; Governmental Agencies; Re- 
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Published Annually by 
2 East 64th Street New York 21, N.Y. 
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Ever since the beginning of the 
development of mechanical power, 
the heart of power producing 
machinery has been forgings. 

The latest development in the 
field of mechanical power is the 
aircraft turbo-jet engine. Here 
again, the important highly stressed 
components — the turbine wheels 
and the compressor discs — are 
forgings and here also more of 
these forgings are produced by 


DEPENDABLE FORGINGS 


Wyman-Gordon than by any other 
company. 

Entirely new problems, mechani- 
cal and metallurgical, are involved 
in the production of these vital parts 
— problems which require the max- 
imum in experience, know-how and 
research facilities. Wyman-Gordon 
excels in all of these areas and 
continues today as for nearly 75 
years in the forefront of new forg- 
ing developments. 


Seen through the porthole of this compressor disc is the finished 
forging — an example of the ultimate in quality and precision. 


WYMAN-GORDON COMPANY 


Established 1883 


FORGINGS OF ALUMINUM MAGNESIUM STEEL @© TITANIUM 
WORCESTER 1, MASSACHUSETTS 


HARVEY, ILLINOIS e DETROIT, 


MICHIGAN 
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AIRCRAFT MATERIALS & PROCESSES 


High-Temperature Soldering Materials for Aluminum. Alcoa Solder No. 805 
and Soldering Flux No. 66 will join all aluminum alloys and make joints 
between aluminum and other metals; effects high-temperature joints that 
formerly had to be brazed or welded. Aluminum Company of Amertca, 1501 
Alcoa Bldg., Pittsburgh 19, Pa. 

“Copper & Copper-Alloy Specifications Index.’’ 28-page booklet B-34 gives 
complete specification data on company’s products. The American Brass ' 
Co., Dept. RS, Waterbury 20, Conn. | 

“‘Ceramicite.’? Ceramic material for hermetic seal applications at high tem- 
peratures; bonds physically to most stainless steels. Consolidated Electro- 
dynamics Corp., 300 N. Sierra Madre Villa, Pasadena, Calif. 

“Pyroceram”’ Crystalline Materials Made From Glass. These tough, heat- 
resistant substances are claimed to be harder than steel, lighter than alu- 
minum, and nine times stronger than plate glass. Corning Glass Works, 
Corning, N.Y. | 

Sandwich-Type Load-Carrying Missile Structures. Fabricated of reinforced 
plastics; designed to withstand the same loads and temperatures as a similar 
metal component. Narmco, Inc., 1882 Moore St., San Diego, Calif. 

Fabrication of Stainless Steel & High-Temperature Alloys. 16-page brochure 
reviews company’s history and operating methods in this field. Portland 
Copper & Tank Works, Inc., 80 Second St., South Portland, Me. 

Study on Solvent & Chemical Resistance of Butyl Rubber. A 16-page booklet 
Thiokol Chemical Corp., 7830 N. Clinton Ave., Trenton 7, N.J. 

) “Niphos’’ Thin Nickel-Alloy Coating. Protects aircraft parts from corrosion 

4 and abrasion; resists peeling and flaking. Tube Reducing Corp., Wallington, 

N.J. 
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AIRCRAFT PARTS & EQUIPMENT 


Pressure Build-Up & Vent Valve for Liquid Oxygen Systems. For use in 70 
and 300 psi aircraft systems; toggle handle action; operates freely even at 
liquid oxygen temperatures (—297°F). Airborne Research & Development 
Corp., 7530 San Fernando Road, Sun Valley, Calif. 

200-Volt A.C., Three-Phase, 400-Cycle Servomotor. For intermittent duty 
applications requiring a maximum of 1/4 hp. American Bosch Div., Ameri- 
can Bosch Arma Corp., Springfield 7, Mass. 

Model AN-00007 Hermetically Sealed Sampling Switch. Designed for use in 
a target designation system for fighter aircraft. Applied Science Corp. of 
Princeton, Princeton, N.J. 

Squib-Actuated Switch for Aircraft & Missiles. Provides four sets of contacts 
furnished in any combination of normally open and normally closed posi 
tions; extremely rugged. Ailas Powder Co., Parke-Thompson Ordnance 
Section, 9404 Watson Rd., St. Louis 19, Mo. 

Single-Acting Self-Locking Quick-Release Pins. Bulletin ADI 1268-257 
gives “Pip Pin’ engineering data. Aviation Developments Inc., P.O. Box 
391, Burbank, Calif. 

Linear Accelerometers. Bulletin LF-MF-6-57 describes units suitable for 
direct recording of maneuvering or low-frequency accelerations of aircraft, 
missiles, and other moving vehicles. B & F Instruments Inc., 4732 N. 

4 Broad St., Philadelphia 41, Pa. 
Extreme Flexibility Bellows. With wall sections as thin as 0.002 in.; for 
miniaturization applications. The Belfab Corp., 11 Ramah Circle, Agawam, 
ass. 
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' Type 4-310 Pressure Pickup. Capable of continuous operation at U0° Oil Fi 
Write for Bulletin 1568A. Consolidated Electrodynamics, 300 N. Sierra 1D 
Madre Villa, Pasadena, Calif. thri 

; ad . Subminiature Pilot Light. Uses G-E midget flange base neon glow lam Cal 
: NE2D. Dialight Corp., 60 Stewart Ave., Brooklyn 37, N.Y. 
“ Directional Control Valve. This straight-through, ball-valve unit can be used 
| : with pneumatic, most fuel and hydraulic oil systems, and for most liqiuid 
: or gaseous propellants. Eastern Aircraft Products Corp., Orange, N.J 

| H Aluminum Rope Snubbers for Aircraft Tie-Down. Hold 90 per cent of the 

: strength of the rope being snubbed. astern Rotorcraft Corp., Doylestown, 
: Pa Tran 
Miniaturized Self-Locking Nuts for Avionic Equipment. 36-page brochure No tio 
; ; 5711 presents company’s progress and status in the field. Ltlastic Stop Nut Cor 
4 Corp. of America, Dept. P., 2330 Vauxhall Rd., Union, N.J Mod 
. ‘ Lightweight Silver-Zinc Storage Batteries for Jet Planes. Under emergency res 
: conditions capable of delivering repeated sustained surges of power. Exide Coi 
: Industrial Div., The Electric Storage Battery Co., Box $109, Philadelphia — 
: 1, Pa. tu 
‘ Aircraft Fire Extinguishing Systems. Consists of high-rate discharge bottles ant 
' and discharge indicators, and incorporates a nonreturn valve to direct flow : Ps 
‘ oftheagency. Fenwal Incorporated, Aviation Products Div., Ashland, Mass * 
‘ Model F-418 Miniature Air-Borne Amplifier. Designed for use where size, Mi 
' weight, power consumption, and vibration are prime considerations. Gulton Over 
' Industries, Inc., 212 Durham Ave., Metuchen, N.J tat 
‘ High-Altitude Altimeter. Claimed to be accurate in ranges of from 75,000 Circt 
: to 225,000 ft.; measures altitude by means of a low-pressure sensing element cu 
: which generates a d.c. voltage inversely proportional to pressure. Hastings Hi 
f ' Raydist, Inc., Hampton, Va Serv 
+) ~ ‘‘Raydist’’? Miniaturized Navigator. This position indicator unit is designed 40 
‘ for use in helicopters and light planes. Hastings-Raydist, Inc., Hampton, 4 
Va. Size 
Screw-Lock Inserts. S-page specification bulletin contains complete infor 
: m > > 4 mation on company’s products. Heli-Coil Corp., Danbury, Conn. Stan 
on g pa] : Oversize-Diameter ‘‘CKL’’ Blind Rivets. Made 1/64 in. oversize to ensure pl 
: hole filling and produce a tight installation in dimpled sheets. Huck A/fg se 
Co., 2480 Bellevue Ave., Detroit 7, Mich. 
“ H Pull Thru & Self-Plugging Blind Rivets. 10-page catalog describes company’s ‘Va 
; : line. Huck Mfy. Co., 2480 Bellevue Ave., Detroit 7, Mich. Oo’ 
Air-Borne Radar Strip Recorder. Makes and develops an instant photo A 
' graphic record of radar information on a slowly moving strip of film; film is Moe 

is : 9'/, in. wide and is passed over a viewing screen so that the observer looks at 9, 

: Parkway, Pasadena, Calif Ma 

ie ‘ Integrated Electrohydraulic Servo Valve-Actuator Combination. Accurately t 

‘ positions power output without the use of electrical feedback and electronic Hig 
H amplifiers; operates at pressures from 300 to 3,000 psi. Hydraulic Research 8 
23 4 & Mfg. Co., 2835 N. Naomi, Burbank, Calif. " 
‘‘Retracto-Drogue”’ Retractable Deceleration Chute. Brochure explains how 
S -“ ‘ chute is mechanically retracted and immediately ready for reuse. Kellett Hig 
ios r+) ' Aircraft Corp., P.O. Box 35, Willow Grove, Pa. 6 
mS wee : High-Pressure Air Compressors. The MC 2005 series can be combined with t 
4 ' 1,500 or 3,000 psi hydraulic motors, with a.c. or d.c. electric motors,. or Hig 
u ; mounted directly to an engine pad; weight is 10.7 Ibs). C. Mfg. Co d 
4 Lake Orion, Mich 7 
: Linear Accelerometer. Type LA-500 series features constant damping with Qui 
; out warmup. Minneapolis-Honeywell Regulator Company, Boston Div fi 
4 1400 Soldiers Field Rd., Boston 35, Mass. Aut 
: Type JRT Rate Gyro. Features constant damping over entire operating 4 
: temperature range of —65° to +175°F. Minneapolis-Honeywell Regulator V 
: Company, Boston Div., 1400 Soldiers Field Road, Boston 35, Mass. ( 
‘ 4 ‘*Betachron’’ Nuclear-Powered Electric Timer. Suitable for use in weapon and Hi; 
ew 4 missile systems where time delays from microseconds to 40 hours are required I 
. with an accuracy of +8 per cent; delivers energy pulses up to 250,000 ergs e ] 
: Patterson, Moos Div., Universal Winding Co., Inc., 90-28 Van Wyck Express P 
' way, Jamaica 18, N.Y. : 
: Pneumatic & Hydraulic Valves. 19-page catalog contains three view drawings l 
: and data on liquid oxygen valves, couplings, solenoid valves, pressure-re 7 
Z : ducing valves, pressure-operated valves, relief, check, brake and manually 2 
‘ operated valves. Pneu-Hydro Valve Corp., 364 Glenwood Ave., East Orange, ap 
N.J. 
: ‘“‘Fluorofiex-T’’ Flanged Hose Assembly. Prevents liquids or gases conveyed | 
: from coming into contact with the metal portions of the fitting. Reststoflex G: 
Corp., Roseland, N.J. 
: ‘‘Formset’’ Metal Bellows. A new design reduces the length as much as 90 
; per cent while retaining its original spring rate and stroke. Robertshaw 
4 Fulton Controls Co., Bridgeport Thermostat Div., Milford, Conn, 
: Cartridge-Actuated Device for Cutting of Aircraft Cable, Electrical Wiring, and os 
; Tubing. Features ultrareliability by virtue of self-contained dual power 
. sources; weighs 0.45 Ib.; measures 4 by 1 by 1'/, in. Stanley Aviation 
mM 2 3 Corp., 2501 Dallas St., Denver 8, Colo. 
i > : Modular Miniature Screw-Locking Connectors. Designed to permit expan 
‘S z 2 4 sion up to 250 contacts; features “floating body isolation’’ which provides 
mam : vibra-shock protection and environmental resistance through complete 
separation of electrical and mechanical elements. U.S Components, Inc., 
: 454 E. 148th St., New York 55, N-Y. 
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Oil Filler Cap for Aircraft Gas-Turbine Lubricating Oils. Cap measures 1.25 
1D diameter and weighs 1/2 lb.; filler neck is provided with “AND’’-type 
threaded boss Universal Metal Products, 331 Vineland Ave., La Puente, 
Calif 


ELECTRONIC & ELECTRICAL EQUIPMENT 


Transistor Clip. Designed to retain all popularly used transistors under condi- 
tions of severe acceleration, deceleration, shock, and vibration. The Birtcher 
Corp., Industrial Div., 4371 Valley Blvd., Los Angeles 32, Calif. 

Model 228 Rack-Mounted Balance Unit. Ten four-arm strain-gage bridge or 
resistive-type pickups may be calibrated individually or simultaneously 
Consolidated Avionics Corp., 66 Brooklyn Ave., Westbury, N.Y. 

Low-Voltage A.C.-D.C. Air-borne Power Supplies. These hermetically sealed 
tubeless units are designed for 400-cycle operation. Gulton Industries, Inc., 
Engineered Magnetics Div., Metuchen, N.J. 

Miniature Air-Borne Power Supplies. Outputs from 5 to 200 VDC, 50 ma to 
2amp.; temperature range from — 40° to +165°F.; sizes as small as 2%/1 
by 3 by 49/16 in. Gulton Industries, Engineered Magnetics Div., Inc., 
Metuchen, N.J. 

Over-Voltage Relay. Model TD-805 H-3 features a hermetically sealed con- 
tact and dash-pot assembly. //artman Electrical Mfg. Co., Mansfield, Ohio 

Circuit Breaker Series AM17. Can function on either 400-cycle a.c. or d.c 
current without change in rating or essential time-delay characteristics 
Heinemann Electric Co., 203 Plum St., Trenton 2, N.J. 

Servomotor-Rate Generator. Data sheet 869 describes a size 18, 115-volt, 
400-cycle unit, Model 1I8SMG 490/460. Helipot Technical Information Serv- 
ice, Newport Beach, Calif. 

Size 11, 115-Volt, 400-Cycle Servomotor-Rate Generator. Data sheet 872 
gives details of Model 11 MG 460/460. Helipot Technical Information Serv- 
ice, Newport Beach, Calif. 

Standard Electromechanical Breadboard Parts. 24-page catalog offers com- 
plete data on parts necessary for assembly of complicated gear trains and 
servomechanisms. Helipot Technical Information Service, Newport Beach, 
Calif. 

‘Vac-Tite’? Compression Multi-Headers & Plugs. 16-page catalog condenses 
over 10,000 different types of hermetic seals. //ermetic Seal Corp., Dept 
AER, 29S. 6th St., Newark 7, N.J. 

Model 815 Stabilized Microwave Oscillator. Covers a new tuning range from 
9,000 to 10,500 me. Laboratory for Electronics, Inc., 75 Pitts St., Boston 14, 
Mass. 

Magnetic Low-Level D.C. Signal Amplifier. Capable of operating from a 28- 
volt aircraft or missile system. Magnetic Research Corp., Sales Engineering 
Dept., 3160 W. El Segundo Blvd., Hawthorne, Calif. 

High-Power Flange-Mounted Waveguide Pressure Window. For use in 
radars operating in the 35-kmce. frequency range requiring pressure seals to 
prevent waveguide cr magnetron RF breakdown. Microwave Associates, 
Inc., Burlington, Mass. 

High-Temperature Miniature Motor-Tach Generator. Type 10-MTG- 
6229-15 operates continuously in an ambient temperature range from —55° 
to +125°C. John Oster Mfg. Co., Avionic Div., 1 Main St., Racine, Wis 

High-Temperature ‘‘Klixon’’ Sine Switch. This hermetically sealed unit is 
designed to operate continuously at temperatures as high as 375°F. Spencer 
Thermostat Div., Metals & Controls Corp., Attleboro, Mass. 

Quick-Filming Aviation Brushes. Claimed to require no sea-level ‘‘break-in’ 
filmingrun. Stackpole Carbon Co., St. Marys, Pa. 

Automatic Voltage Regulator for High-Frequency Use. Type IEH5101 for 
400-cycile, single-phase service gives instantaneous correction of line voltage 
variations. The Superior Electric Co., Dept. IEH, 83 Laurel St., Bristol, 
Conn 

High-Frequency Variable Transformers. 2S8-page bulletin P257H gives com 
plete data on ‘‘Powerstat”’ units. The Superior Electric Co., Dept 257, 83 
Laurel St., Bristol, Conn. 

‘‘Powerstat’’ Variable Transformers for High-Frequency Duty. Designed for 
single- and three-phase 400/800-cycle operation; operate at ambient tem- 
peratures of —55° to +40°C. at full rated load (reduced to +80°C.); alti- 
tudes to 50,000 ft. The Superior Electric Co., Dept. PH, 83 Laurel St., 
Bristol, Conn. 

Subminiature Tubes for Guided-Missile Application. Feature a shortened 
mount structure designed to meet severe mechanical and environmental 
demands. Sylvania Electric Products Inc., 1740 Broadway, New York 19, 
N.Y. 

Gaseous Diffused-Junction Transistor. Makes possible the first high power 
transistorized servo and audio output systems for use in high temperatures 
Texas Instruments Incorporated, 6000 Lemmon Ave., Dallas 9, Tex. 
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Push-Button Switches for Temperature Measuring Circuits. [hese units per 
mit frequent checking of many remote thermocouples or resistance bulbs 
from onelocation. Thermo Electric Co., Inc., Saddle Brook, N.J 

High-Frequency Silicon Transistors. Eleven types provide a range of current 
gains up to 60 and collector voltage ratings to 45 volts; feature low collector 
cut-off currents. Transttron Electronic Corp., Melrose 76, Mass 

Silicon Diodes for Computer Service. Particularly useful in military comput 
ers where high temperatures are encountered. Transitron Flectronic Corp, 
Melrose 76, Mass. 

Cap Nuts Fabricated From Black Nylon. Useful in electrical installations 
where strength and resistance to corrosion are important 
Weckesse , Dept. ARN, 5701 Northwest Hwy., Chicago 30, Tl 


DRAFTING ROOM, PRODUCTION, & MISC. EQUIPMENT 


Magnetic Air-Hose Nozzle Holder. Clamps to machine tools at point of use; 

consists of a pliable rubber nozzle fastened to Alnico magnets of 110-lb 

or 35-Ib. pulling power. The Dilley Mfg. Co., 1655 Doan Ave., Cleveland 12, 

Ohio. 

Drafting Templates for MS Flareless Fluid Fittings. Five templates contain 
cutouts for 3/16 and 5/16 in. tube sizes, 1/4 and 3/8-in., 1/2 and 3/4-in 

E. F. Twomey Co., Inc., P.O. Box 15918, Los Angeles 15, Calif. 


‘RESEARCH & TEST EQUIPMENT 


“CompuDyne’’ Dynamic Control Systems. 24-page Bulletin G-102 describes 
complete systems for applications in wind tunnels, engine and engine com- 
ponent test facilities, structural dynamic loading, etc. CDC Control Serv- 
ices, Inc., 403 S. Warminster Rd., Hatboro, Pa. 

Model 250 Functional Tester. Tests complex relay systems and associated 
wiring; features plugboard programing. DJT MCO, Inc., Electronics Div., 
911 Broadway, Kansas City, Mo. 

Strain-Gage Force Pickups. Measures forces in applications where the deflec 
tion caused by the force is limited to 0.00035 in. Dynamic Instrument Co., 
Inc., 28 Carleton St., Cambridge, Mass. 

Servo-Operated ‘‘Press-I-Cell.’’ 12-page catalog describes an instrument 
for the precise measurement of absolute gage or differential fluid pressures 
Fischer & Porter Co., 99 Jacksonville Rd., Hatboro, Pa. 

Turbine Flowmeter. &-page catalog 10C150 describes device for the precise 
measurement of liquid flow. Fischer & Porter Co., 75 Jacksonville Rd, 
Hatboro, Pa. 

Axial Accelerometers. [feature extremely low cross-talk (0.01 g/g max.) and 
low threshold; sense linear acceleration by means of a spring-supported, 
linear ball-bushing mounted mass which moves along a case hardened shaft 
G. M. Giannini & Co., Inc., 918 E. Green St., Pasadena 1, Calif. 

Remote Controlled Missile Hydraulic Power Check-Out Unit. Serves as a 
source of high-pressure hydraulic power for missiles that require precise cir 
cuit check-out prior to launching. //askel Engineering & Supply Co., 
Glendale, Calif. 

‘‘Digimaf’’ Digital Mass Flowmeter. [or measuring true mass flow rate of 
liquids, vapors, gases, or multiphase combinations over teniperatures ranging 
from —423° to +1,000°F. Inertial Instruments Inc., 1738 Colorado Ave., 
Santa Monica, Calif. 

Model 2249 Gyro Drift Recorder. Claimed capable of detecting, indicating, 
and recording with extreme accuracy the minute increments of drift charac 
teristic of modern high-precision gyros. Lear, Inc., Learcal Div., 3171 $ 
Bundy, Santa Monica, Calif. 

Character Printer for the AUTOGRAF X-Y Recorder. Permits automatic 
identification of up to six different point plotted curves. F. L. Moseley Co., 
409 N. Fair Oaks Ave., Pasadena, Calif. 

Portable Hardness Tester. Can be used in any position to test the hardness 
of any size, shape, or type of metal. Newage Industries, Inc., 222 York Rd., 
Jenkintown, Pa. 

Optical | Tracking Instruments & Systems. 16-page brochure describes com 
pany'’s devices for recording and tracking missiles and air-borne objects 
Perkin-Elmer Corp., Norwalk, Conn. 

10-Bit Transistorized Digital Coder. Constructed entirely on printed wiring 
boards; extremely compact; resistant to high shock and vibration. Radt- 
tion, Inc., P.O. Box 37, Melbourne, Fla. 

‘‘Programmer Counter’’ Provides Automatic Control of Test Limits. Used to 
turn on and off test apparatus whose limits are sensed by strain gages, ther- 
mocouples, or other transducers that have a maximum output not exceeding 
100 mv. d.c.; eliminates the need for manual control of test cycling. Spar 
Engineering & Development, Inc., Wyncote, Pa. 

“‘Servo-Ratio Multimeter’? Computer Test-Instrument. Computes voltage 
ratios by dividing the voltage to be measured by the reference voltage ob- 
tained from the computer. Unton Switch & Signal, Div. of Westinghouse 

Air Brake Co., Swissvale, Pa. 
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(Pacemaker 


Long arm of SAC’s deterrent force, Boeing Airplane 
Company’s intercontinental B-52 has as its nerve center 
the AN/ASB-4 Bombing/ Navigation System, developed 
and produced by International Business Machines for the 
United States Air Force. 

Aside from pinpoint navigational and bombing accu- 
racy, this complex system is notable for a high level of 
reliability achieved by painstaking care in detail design, 
rigorous proofing of each part, and a system configuration 
comprising unit-tested modules. 

Servomechanisms, Inc., in addition to quantity 
production of the Pressure Transducers and Quadrature 


Rejector units which are important input and control 
elements of this system, has also contributed to the devel- 
opment of several other important elements of this system. 


SUBSYSTEMS GROUP 


PLANTS: WESTCHESTER. CALIFORNIA +» HAWTHORNE. CALIFORNIA 
WESTBURY. L.I.. NEW YORK + GARDEN CITY.L.!I.. NEWYORK 
GENERAL OFFICES: 12500 AVIATION BLVD.. HAWTHORNE, CALIFORNIA 
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Now the air traveller on a regionai route and the executive in a business Ge cee wane 
aircraft can enjoy air-conditioned comfort unsurpassed by any trans- 
portation medium. In flight or on the ground, he will be kept comfort- 
& ably cool if 4e’s in a Fairchild F-27. The F-27 has air conditioning — 
oe and pressurization — equalled only by the most luxurious transconti- 
nental and intercontinental airliners. 

For the F-27, Fairchild’s Stratos Di ision has developed a new 
Freon refrigeration system which continues to cool the aircraft even 
when it stands on the airport with the engines shut down. No ground 
service, others than electrical power, is necessary. The air conditioning 
and pressurization system—for which Str: tos has full design responsi- 
bility—will provide a comfortable cabin under any conditions, from a 
sun-baked Las Vegas airport to the cold uf a Quebec winter. 


STEATOS 


4 DIVISION OF FAIRCHILD ENGINE AND AIRPLANE CORPORATION 


Main Plant: Bay Shore, L.|.. N Y. 


fe Western Braiich: 1800 Rosecrans Avenue, 
> Manhattan Beach, Calif. 
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